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INTRODUCTORY  REMARKS 


(u)  I would  first  like  co  welcome  all  of  you  to  the  Army  Weapons 
Command.  You  who  are  here  from  private  industry  have  previously  shown 
an  interest  in  participating  in  this  Command's  space  program.  It  is 
sincerely  hoped  that  uhe  briefings  today  will  stimulate  thought,  inter- 
est and  coordination  in  such  a prograia.  You  who  are  here  from  the 
Combat  Developments  Command  and  the  Army  Materiel  Command  were  invited 
to  become  familiar  with  the  work  that  has  been  done  and  the  need  for 
a much  larger  input  than  the  Army  is  currently  supporting.  We  must 
first  make  significant  progress  in  identifying  the  problems  associated 
with  the  hostile  environment  of  space  before  we  can  hope  to  find  solu- 
tions to  problems  once  they  are  identified. 

(C)  Our  national  policy  is  clear:  "Space  should  be  preserved 
for  peacefxil  purposes."  However,  we  cannot  assume  that  offensive  space 
weapons  will  never  be  developed.  Nor  can  we  afford  to  wait  until  such 
a threat  becomes  a reality  to  develop  an  effective  defense.  Military 
space  capabilities  are  developing  rapidly.  Much  of  the  Soviet  space 
activities  are  still  clouded  in  the  secrecy  used  to  protect  their 
military  operations.  The  Soviet  space  program  has  been  characterized 
b^  surprises,  a condition  often  militarily  fatal  to  the  nation  sur- 
prised. Such  important  Army  guidance  documents  as  the  Combat  Develop- 
ment Objectives  Guide;  the  Long  Range  Technological  Forecast;  the 
Army  75  Concept  Study;  and  the  Intelligence  Forecasts  recognize  the 
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rapidly  advemclng  military  space  capability  potential.  They  provide 
encouragement  and  general  guidance  In  the  form  of  QHDO's  for  future 
materiel  research  and  development.  If  the  Army  Is  to  continue  to  lead 
and  avert  svirprlse^  an  Immediate  eiqploratory  program  Is  required  to: 

a.  Indoctrinate  the  technical  Individual  In  policy,  mission 
and  doctrine  for  space  operations; 

b.  Define  the  threat  In  terms  of  the  target,  tactics,  and 
size  of  operation; 

c.  Explore  the  dcunage  mechanics  associated  with  space 

targets; 

d.  Determine  the  capabilities  and  limitations  of  current 
weapons;  and 

e.  Generate  new  concepts  for  military  space  operations. 

(U)  The  series  of  briefings  that  you  are  about  to  hear  Is  one 

step  toward  the  Indoctrination  of  personnel  and  the  Identifying  of 
Initial  problem  areas. 

(u)  Once  again  let  me  welcome  you  to  the  Weapons  Command.  I 
hope  your  visit  here  Is  both  pleasant  emd  fruitful. 
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LUNAR  OPERATIONS 


(U)  The  United  States  has  committed  itself  to  placing  a man  on  the 
moon  and  returning  him  to  earth.  While  this  event  has  been  scheduled 
for  1970,  various  NASA  sources  have  predicted  that  it  could  come  as 
early  as  I968.  This  is  but  the  first  phase  of  what  promises  to  be 
extended  exploration  of  the  moon  and  the  entire  solar  system.  As  an 
extension  of  the  first  landing,  NASA  is  planning  three  l^-da^  lunar 
landing  missions,  these  operations  to  take  place  in  1970-71/  and  a 
mobile  limar  laboratory  in  which  man  could  live  for  days.  This 
laboratory  could  be  projected  to  the  lunar  surface  in  1975 • These 
events  are  all  subject  to  budgetary  considerations  and  the  world 
political  requirements.  Beyond  these  plans  lie  only  predictions  and 
possibilities  of  things  to  come.  Attempts  will  surely  follow  to  estab- 
lish permanent  bases  on  the  more  accessible  and  least  inhospitable 
planetary  and  satellite  Dodies.  In  fact,  a group  of  distinguished 
scientists  recently  predicted  that  a temporary  l\uiar  base  will  be 
established  by  1975  and  a permanent  base  bj  I982.  It  is  to  these  bases 
that  we  direct  our  attention  this  morning. 

(U)  The  reasons  for  this  rush  to  the  moon  can  be  divided  into 
three  categories:  political,  scientific,  and  military. 

(u)  The  political  and  psychological  advantages  of  our  being  first 
to  place  a man  and  then  establish  an  outpost  on  the  moon  are  tremendous. 
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We  have  been  challenged  In  science  and  technology  by  our  chief  congpetl- 
tor  nation.  Our  primacy  In  these  areas  has  been  a source  of  national 
pride  and  a demonstration  of  our  world  leadership,  and  we  dare  not  let 
this  challenge  go  unanswered. 

(U)  Scientifically,  a lunar  outpost  will  support  detailed 
exploration  and  Investigation  of  the  moon  and  serve  as  a laiinch  site 
for  future  deep  space  exploration. 

(C)  Militarily,  a moon  base  will  extend  and  Improve  space  recon- 
naissance and  surveillance  capabilities.  It  will  extend  and  Improve 
commiuilcatlons  by  serving  as  a relay  station.  Finally,  It  may  provide 
an  advantage  for  earth  military  operations  or  serve  to  deny  this 
advantage  to  our  possible  opponents.  The  extent  of  this  military 
potential  is  not  yet  clear.  However,  we  cannot  look  at  tomorrow's 
problems  in  terms  of  today's  concepts  and  weapons  and  automatically 
conclude  there  will  be  no  military  use  of  the  moon.  We  cannot  wait 
for  a demonstrated  military  use  or  stated  requirement  before  initiat- 
ing development  of  plans  and  materiel.  We  know  Americans  are  going 
to  the  moon  and  we  must  be  prepared  to  support  them. 

(C)  Recognizing  this  fact  and  the  possibility  of  lunar  operations, 
the  Chief  of  Staff  directed  the  Army  Ordnance  Corps  in  1959  to  initiate 
a study  for  the  establishment  of  a Ivuiar  outpost.  This  study  concliided 
that  It  was  technologically  feasible  and  desirable  to  establish  such  a 
base.  Last  year,  at  the  direction  of  the  Combat  Developments  Command, 
we  at  the  Institute  of  Advanced  Stvidles  took  a look  at  projected  space 
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operations  in  the  1975-85  decade  to  determine  the  military  implications 
of  space  for  the  Army.  We  concluded  that  space  has  added  a new  dimen- 
sion to  combat  on  the  earth's  surface  and  that  space  travel  and  explora- 
tion will  result  in  the  assignment  of  new  missions  to  the  Army. 

(C)  While  we  uelieve  that  the  Army  in  this  time  period  will  not 
be  directly  involved  in  lunar  military  operations^  we  do  foresee 
requirements  placed  on  the  Army  to  take  advantage  of  its  unique  and 
established  talents,  experience,  and  capabilities,  particularly  in  the 
development,  distribution,  maintenance  and  repair  of  all  classes  of 

supply;  the  construction  and  maintenance  of  facilities;  and  the  pro-  ^ 

vision  of  decontamination  services.  You  will  hear  from  Mr.  Harry  Lowe  ' 

about  the  construction  effort,  which  is  currently  an  active  and  tangi-  i 

ble  requirement,  and  I will  confine  the  remainder  of  my  remarks  to  | 

• * 

i 

weapons  requirements  and  employment  in  the  lunar  environment.  j 

(C)  If  the  moon  is  determined  to  be  of  significant  strategic 
importance,  there  is  no  doubt  that  it  will  be  sovight  after  by  the  great 
powers,  and  this  competition  co\ild  lead  to  conflict.  While  our  stated 
national  piirpose  is  the  peaceful  exploration  and  use  of  space  for  all 
mankind,  we  may  not  be  able  to  exercise  that  option  on  the  moon  unless 
we  are  the  first  to  arrive  because  of  the  absence  of  a comprehensive 

body  of  law  governing  space  and  an  enforcement  agency.  For  these  - 

reasons,  we  must  be  prepared  to  resist,  with  force  if  necessary,  any 
attempt  by  another  nation  to  deny  us  the  opportunity  for  peaceful 
access  and  exploration  and  to  defend  any  Ivuiar  outpost  or  colony  that 
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we  establish. 

(C)  I am  not  saying  that  a strictly  military  force  is  required  on 
the  moon  during  this  period.  Undoubtedly,  most  of  the  first  to  arrive 
will  be  military  scientists  and  engineers,  multifunction  trained,  since 
the  logistics  problems  dictate  that  v-ach  man  must  be  trained  to  do  the 
work  of  many  for  we  cannot  afford  specialization  in  space.  I am,  how- 
ever, pointing  out  that  the  lunar  base  and  its  people  must  be  provided 
the  means  of  defense. 

(C)  Whenever  man  has  ventured  into  new  and  u:.  .nown  areas  his 
instinct  for  self-preservation  has  led  him  to  prote  himself  from  a 
hostile  environment  and  to  arm  himself  against  the  hostile  competition 
of  other  men.  In  man's  venture  to  establish  himself  on  the  moon  both 
these  needs  will  be  present  and  both  will  influence  the  design  of 
weapons  intended  to  achieve  a balance  of  force  and  thus  promote  peace- 
ful coexistence  in  space. 

(C)  To  better  envision  the  performance  requirements  of  l\inar 


weapons,  we  must  first  postulate  probable  lunar  operations  after  a 
semi-permanent  outpost  has  been  established.  Initially,  man  will 
remain  very  close  to  the  base  shelter  area,  exploring  his  immediate 
surroundings  to  a distance  of  about  one  to  two  miles.  Because  of  the 
small  diameter  of  the  moon,  a man  of  average  height  disappears  from 
view  at  about  I-I/2  miles.  The  unknowns  of  the  moon  make  it  desirable 
that  the  early  explorer  remain  in  visual  contact  with  the  base  area. 

A-k 
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After  the  outpost  has  been  built  up  to  a strength  of  about  ten  men,  we 
visualize  the  use  of  a vehicle  to  extend  this  range  to  perhaps  fiftj 
miles.  Tne  constraints  of  pajload  v/ill  determine  vehicular  weight  and 
configuration,  and  the  vehicle  may  be  a simple  modified  mule,  unshield- 
ed and  weighing  about  1100  pounds  or  a more  advanced,  shielded  vehicle. 
This  vehicle  v.ould  have  a maximum  weight  of  about  6000  pounds  (of  v/hich 
1/3  to  1/2  will  be  shielding  weight),  carry  two  people,  and  travel  at 
about  5 niph.  This  shielding  would  probably  consist  of  about  1"  of 
aluminum  and  4"  of  polyurethane  foam.  An  artist's  conception  of  one 
such  advanced  vehicle  is  shown  in  this  illustration. 

(C)  Initial  operations  will  be 
primarily  base  construction  design- 
ed to  transform  the  total  environ- 
ment to  conditions  most  favorable 
and  tolerant  to  human  life  and 
activities.  Once  the  hostile 
environment  is  transformed,  con- 
tinuing long  range  exploration  of 
the  moon  and  establishment  of  aii  astronomical  observatory  and  an  inter- 
planetary spaceport  is  envisioned.  It  is  not  likely  that  these  latter 
i operations  will  take  place  prior  to  I985.  However,  when  the  development 

. of  the  moon  base  does  reach  such  a stage,  it  is  believed  that  the  Army 

i 

L 

' will  inherit  many  of  the  inherent  tasks  and  that  a small  military  force 

will  be  maintained  on  the  moon  to  protect  the  colony  and  to  further  the 
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interplanetary  objectives  and  policies  of  the  United  States. 

(C)  An  enemy  threat  to  a lunar  base  may  come  from  any  or  all  of 
three  sources.  These  are  personnel  or  surface  vehicles  from  another 
Itinar  base,  weapons  from  moon  orbiting  vehicles,  and  weapons  from  non- 
orbiting space  vehicles.  Each  type  of  attach  presents  a somewhat 
different  set  of  problems  but  the  defense  against  all  has  the  same 
objective;  Prevent  the  destruction  of  the  base  shelter.  The  hostile 
environment  of  the  moon  is  such  that  the  loss  or  destruction  of  the 
base  shelter  foredooms  the  personnel  dependent  upon  it. 

(U)  I am  sure  that  you  are  all  familiar  with  the  physical  charac- 
teristics of  the  lunar  environment,  but  let  me  briefly  list  the  more 
important  ones  which  affect  weapon  design.  Mr.  Wagner  will  go  into 
more  detail  on  the  specific  individual  effects. 

Essentially  no  atmosphere 
(hard  vacuum) 

Surface  gravity/one-sixth 
of  earth 

Surface  temperature  range 
/250°F  to  -250°F 
120  C -130  C 

Rapidity  of  change  — roughly  two  hours 

Relatively  near  horizon 

(C)  The  logistics  problem  will  dominate  all  other  considerations. 
Every  piece  of  equipment  sent  to  the  moon  will  have  to  be  multi- 
functional. A weapon  designed  for  space  use  should  have  a structural 
use  during  flight  to  minimize  the  logistics  burden  on  lift-off. 
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Ideally,  such  a weapon  would  use  ammuniuloii  indigenously  available.  We 
are  lively  to  find  large  quantities  of  suone  and  meteorite  particles  on 
the  surface  of  the  moon  and  there  will  be  an  ample  supply  of  radiant 
energy  from  the  sun.  Serious  consideration  should  be  given  to  the  de- 
sign of  weapons  which  could  be  easily  manufactured  at  the  lunar  base 
and  use  available  mterials  for  ammunition. 

(C)  In  addition  to  these  physical  factors,  there  are  certain 
human  factors  which  also  affect  weapon  design.  On  the  moon  we  will  be 
dealing  with  a completely  enclosed  man  with  significant  loss  of  mobility, 
sensing,  and  dexterity.  The  latest  model  spacesuit  approved  by  MSA  is 

Note  the  difficulties  in  sighting 
and  firing.  Only  unsuited  within  a 
base  shelter  will  man  approximate 
his  earthly  capabilities.  Therefore, 
remote  sensing  and  firing  will  be 
premium  qiialities  in  any  area  weapon 
system. 

(C)  These  characteristics  and 
the  nature  of  the  threat  suggest 
varying  types  of  defensive  weapons, 
ranging  from  the  very  simple  (a  means 
of  propelling  gravel)  to  the  most 
complex  (beamed  electromagnetic 
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radiation)  v/ith  all  sorts  of  possibilities  in  between. 

(C)  Let  us  look  at  the  requirements  generated  by  the  various 
threats  in  the  light  of  the  peculiarities  of  the  lunar  environment  and 
tick  off  some  of  the  pertinent  points. 

(C)  Hostile  Personnel  or  Surface  Vehicles  From  Another  Lunar  Base. 
Here  the  problem  is  one  of  puncturing  the  pressurized  vessel  and  letting 
the  Ivinar  environment  do  its  v;ork.  Against  a vehicle,  this  would  take 
the  form  of  punctiiring  the  heat  transfer  unit,  thus  disabling  the  vehi- 
cle by  aggravating  the  heat  dissipation  problem  inherent  in  a vacuum. 
Undoubtedly,  the  spacesuits  and  vehicle  skins  v/ill  have  some  sort  of  a 
self-sealing  ability  so  the  requirement  is  for  a fragmentation  device 
capable  of  multiple  gravel-sized  punctures  to  overwhelm  the  self-sealing 
capability  and  to  compensate  for  the  inability  for  precise  aiming  and 
firing.  The  vacuum  and  low  grav- 
ity of  the  Ixinar  surface  give  us 
very  good  fragment  ballistics, 
but  the  weapon  must  be  capable 
of  being  focused  because  of  the 
omnidirectional  effect  of  frag- 
mentation. A handheld  claymore 
device  is  an  example  of  a current 
weapon  modified  for  the  luimir 
environment.  This  sketch  gives 
an  illustration  of  the  concept. 
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Note  that  the  shape  lends  Itself  to  structural  use.  The  environmental 
effects  on  this  weapon,  however,  are  many.  The  vacuum  works  to  our 
disadvantage  in  explosive  initiation  and  propagation.  Redesign  of 
present  detonators  and  percussion  primers  is  required  to  insure  reliable 
operation  in  a vacuxim.  The  extreme  variations  in  temperature  and  the 
rapidity  of  change  virtiially  rule  out  the  use  of  TNT  as  an  explosive, 
since  it  becomes  molten  at  about  17^^^*  The  lack  of  animal  and  plant 
life  on  the  moon  seems  to  rule  out  finding  the  basic  chemicals  required 
for  indigenous  manufacture  of  explosives  and  propellants.  Therefore, 
we  should  strive  to  find  new  sources  of  energy  for  use  in  space. 

(C)  Hostile  Space  Vehicles.  Essentially  the  detection,  tracking, 
and  destruction  of  these  vehicles  is  no  different  from  that  on  earth 
with  the  exception  of  choice  of  weapons.  I might  mention  here  that 
detection  and  tracking  of  non-orbiting  vehicles  would  in  fact  take 
place  on  earth  and  the  required  firing  data  commimicated  to  the  l\inar 
base.  Because  of  the  vacuous  conditions  around  the  moon  the  radiation 
effects  of  nuclear  warheads  are  greatly  enhanced;  thus  the  space  vehicle 
Itself,  its  electronic  conq)onents,  and  warhead  are  particularly  sus- 
ceptible to  radiation  destruction.  This  suggests  emplaced  nuclear- 
armed missiles  or  beamed  electromagnetic  radiation  weapons.  The 
constraints  of  weight  would  seem  to  rule  out  transporting  a missile 
system  to  the  moon,  while  the  abxmdant  solar  energy  seems  to  place  a 
premium  on  the  development  of  energy  beam  weapons. 

(C)  Taking  all  the  situations  together,  the  specific  defensive 
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weapon  requirements  for  a lunar  base  appear  to  be: 

(1)  A sinall  arms  for  use  against  personnel^  capable  of 
firing  a buckshot  or  scatter  type  ammunition.  The  triggering  mechanism 
of  this  weapon  must  be  compatible  with  the  spacesult.  We  woiHd  look 
for  this  to  accompany  the  earliest  travelers. 

(2)  A larger  version  of  the  same  type  weapon  for  use  against 
groups  of  personnel  and  surface  vehicles.  This  weapon  would  fire  a 
large  volume  of  high  velocity  fragments  In  the  general  direction  In 
which  aimed.  Again  triggering  must  be  conqpatlble  with  the  spacesult. 

A possibility  here  Is  the  electrostatic  projection  of  pellets  as  an 
alternative  to  chemical  propellants. 

(3)  An  enqplaced  directional  mine  for  perimeter  defense. 

Again  we  are  talking  about  firing  dlrectlonallzed  high  velocity  frag-  ' 
ments.  This  mine  must  be  capable  of  direct  or  remote  control  firing. 
Complementing  this  should  be  omnidirectional  fougasse  randanly  placed 
around  the  defensive  perimeter. 

(4)  A weapon  preferably  of  directed  be6ua  design  to  be  used 
against  space  vehicles.  The  special  circumstances  of  the  moon  environ- 
ment favor  the  use  of  radiant  energy. 

(U)  These  are  exaorples  logically  extending  from  today's  techno- 
logical capabilities  and  the  requirements  for  defensive  weapons.  They 
are  presented  only  to  put  you  In  the  proper  frame  of  mind  euui.to  stimu- 
late creative  thinking.  My  main  purpose  has  been  to  set  the  operational 
environment  In  space  In  future  years.  I am  sure  that  you  gentlemen, 
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with  your  interest  in  the  field  of  weapon  design  and  production,  will 
be  able  to  come  up  with  weapons  concepts  entirely  new  and  in  keeping 
with  our  visualization  of  the  liinar  environment  lunar  operations. 
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THE  MOON  AND  LUNAR  CONSTRUCTION 

: . j 

(U)  Several  months  aigo  I received  a letter  vhich  read  as  follows:  | 

"Dear  sir:  j 

1 

"Please  send  me  all  you  Imow  aboiit  the  universe.  ! 

i 

"Yours  truly,  ] 

‘ i 

J-  i 

' "P.S.  Please  medce  the  Infomatlon  short  because  my  teacher  I 

J;  1 

says  I cannot  write  more  than  500  words." 

f At  first  I was  amused  by  this  letter  from  a little  boy  who  wanted  to  ] 

I describe  the  tinlverse  In  not  more  than  500  words.  Only  after  reading  I 

‘ i 

It  a second  time  did  I ccmprehead  the  real  challenge  of  his  request.  ] 

[ ■ i 

j He  had  asked,  "Please  send  me  all  you  know  about  the  universe."  !Rils  1 

T i 

kid  wanted  the  facts.  Frankly,  I found  the  limit  of  500  words 
entirely  satisfactory. 

(u)  Today  I am  concerned  with  a very,  very  small  part  of  the 

universe.  Hy  subject  Is  The  Moon  and  Lunar  Construction.  My  task  Is 

1 : 

! to  compress  5 billion  years  of  the  past  and  25  years  of  the  future  Into 

I i 

30  mln\ites  of  the  present.  * 

(u)  If  I limit  my  remarks  to  what  I know  about  this  subject,  I , 

will  spend  most  of  this  period  telling  old  jokes.  Portiuiately  the 

i 

i purpose  of  this  meeting  Is  to  encourage  tus  to  think  about  the  moon  and 

related  problems  that  may  develop  In  the  years  ahead.  It  Is  proper  and 
fitting,  therefore,  that  I speak  of  both,  what  I know  and  what  I 
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believe.  In  this  way  I will  certainly  vise  all  of  the  available  time 
nrv^  I may  contribute  to  the  objective  of  this  meeting. 

THE  MOON 

(U)  Origin.  Fl-ve  billion  years  ago,  give  or  take  a fortnight, 
the  space  now  occupied  by  the  solar  system  was  filled  by  a young  svin 
surrovinded  by  a cloud  of  dust,  seuid,  gravel  and  boulders.  At  one 
particular  spot  the  density  of  this  cloud  of  particles  became  so  great 
that  a local  gravitational  field  was  produced.  In  time  this  local 
zone  of  influence  produced  a small  aggregation  of  material  capable  of 
attracting  to  it  other  particles  in  near  proximity.  At  that  point  in 
time  the  embryonic  moon  existed.  Thvis,  through  aggregation  of  cold 
particles,  the  moon  was  bom  emd  grew  - and  grew,  and  grew.  Elsewhere 
within  that  cloud,  other  bodies  were  forming  in  like  manner.  These 
other  bodies  we  now  know  as  the  planets  and  the  other  features  of  the 
solar  system;  but  that  is  another  story.  How  back  to  the  moon. 

(u)  Evolution.  The  initial  foimatioa  and  gmwth  of  the  moon  was 
followed  by  a series  of  reactions.  The  first  was  evolution  of  heat. 

Thermal  energy  evolved  from  two  sources.  One  was  lAiysical  interaction 
between  the  solid  particles  such  as  impact,  shear,  friction  and 
compaction.  The  second  was  radioactive  mineral  decay.  Heat  evolved 
in  the  outer  zone  was  qviickly  dissipated.  However,  heat  energy  within 
the  mass  hsid  difficulty  escaping  through  the  outer  surface  of  loose 
aggregate.  Thus,  the  temperature  of  the  interior  of  the  mass  rose 
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higher  and  higher  until  there  was  either  melting  or  a high  state  of 
plasticity.  Concvirrently,  the  heated  mass  expanded  but  did  not  break 
through  to  the  surface.  Thus,  continued  heat  evolution,  now 
piincipally  by  radioactive  decay,  melted  the  entire  planetary  mass. 


(u)  Concurrently,  two  important  reactions  took  place.  The  first 
was  mineral  formation  and  magnatic  differentiation.  The  second  was 
simply  the  loss  of  heat  to  space  at  relatively  hi^  rates.  The  first 
produced  new  and  complex  minerals  and  permitted  them  to  segregate  in 
accordance  with  their  wei^ts.  The  second  reaction  made  possible  the 
formation  of  a new  crust  as  the  surface  cooled. 
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(U)  Now  about  this  time  the  earth  was  guilty  of  its  initial  sin. 


It  kidnapped  the  moon.  The  evidence  of  the  crime  is  the  so-called 
tidal  bulge  on  the  moon's  sxirface,  ^ich  testifies  to  the  existence 
of  a relatively  limber  or  plastic  crust  at  the  time  of  capture. 

(U)  Following  capture  by  earth  of  the  still  hot  pzx)tonioon, 
degassing  of  the  luna  magma  continued.  For  a reasonably  long  period 
of  tine  this  degassing  was  sufficient  to  equal  or  exceed  normal 
atmospheric  loss.  Thus  it  is  highly  probable  that  the  moon  had  an 
appreciable  atmosphere.  However,  the  possibility  of  free  water  on 
the  moon  at  any  time  is  quite  low.  Loss  of  water  vapor  to  space 
coupled  with  the  heated  surface  rules  against  liquid  water  in  any 
significant  quantities. 

(U)  As  time  passed,  continued  heat  losses  eventually  exhausted 
the  ability  of  the  mass  to  remain  molten.  A thin  skin  of  the  outer- 
most light  mineral  layer  was  formed.  This  crust  was  continually 
broken  and  engulfed  by  volcanic  action.  This  unstable  condition  until 
further  loss  of  heat  permitted  a thicker  sind  more  stable  crust  to  fom. 

(U)  As  this  crust  formed,  it  was  subjected  to  a rain  of 
meteoroids  that  produced  impact  craters  of  all  sizes.  In  the  case  of 
very  large  meteoroids,  the  large  basins  resulting  produced  zones  of 
weakness  in  the  crust  that  were  to  play  Important  roles  in  further 
development  of  the  moon. 
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(u)  The  moon  had  come  to  a critical  point  in  its  evolution.  A 
thick  crust  had  formed.  Below  the  relatively  cool  crust,  the  semi- 
molten  interior  had  ceased  to  lose  any  significant  aino\ant  of  heat.  The 
center  was  heating  to  higher  and  higher  levels  and  internal  pressure 
was  building  ever  hi^er.  Finally  the  tensile  strength  of  the  crust 
was  exceeded.  Long  fissures  appeared  at  the  weak  zones  in  the  deep 
craters.  The  heated  material  below  flowed  up  these  fissures  in  large 
volume,  cooling  but  little  as  it  rose.  In  a state  of  high  fluidity  the 
molten  rock  poured  forth,  flowing  far  and  fast.  Like  any  fluid,  it 
sovight  the  low  az«as.  However,  in  response  to  its  energy  of  flow,  it 
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flowed  up  relatively  gentle 
slopes,  overwhelming  some 
pinnacles  and  flowing  into  lesser 
craters.  Evidence  of  this  flow 
activity  is  present  on  the  lunar 
s\irface  today.  Successive 
eruptions  eventually  filled  the 
large  basins  to  their  present 
levels . 

(u)  Now  the  ctirrent  phase 
of  the  moon's  evolution  began.  The  internal  stress  had  been  relieved, 
its  heat  evolution  rate  had  slowed  and  the  planet  became  relatively 
quiescent.  Whether  this  is  a temporary  phase  or  for  all  time  depends 
upon  the  c\irrent  potential  for  heat  evolution.  Future  manned 
exploration  of  the  moon  will  not  only  shed  new  li^t  on  the  history  of 
the  moon  but  may  also  provide  information  on  its  future  as  well. 

(U)  The  Moon  Today.  The  moon  as  we  know  it  today  is  the  result 
of  5 billion  years  of  actions  and  reactions.  That  result  is  a 
satellite  of  earth,  measuring  2162  miles  in  diameter  and  orbiting  the 
earth  once  in  approximately  28  days.  The  average  distance  from  earth 
to  moon  is  about  239»000  miles.  Because  it  rotates  on  its  axis  in 
about  the  same  time  as  it  orbits  the  earth,  it  always  presents  the  same 
face  as  the  earthbound  observer.  Man  knows  a number  of  things  about 
the  moon  and  its  environment.  He  has  supplemented  his  knowledge  with 
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considerable  speculation.  A summary  of  some  of  this  knowledge  and 
speculation  is  contained  in  the  U.  S.  Army  film  titled,  Man  On  The 
Moon.  This  movie  was  prepared  before  the  successful  flights  of 
Project  Ranger  and  Luna  IX.  However,  I see  no  reason  to  revise  the 
film  as  a result  of  these  later  observations. 

Lunar  Construction 

(U)  This  nation  does  not  now  have  a lunar  construction 
capability.  The  primary  reasons  include: 

a.  Lack  of  lunar  data. 

b.  Lack  of  knowledge  concerning  the  performance  of  men  and 
machine  systems  in  the  lunar  environment. 

c.  Lack  of  decisions  by  this  nation  that  would  define  the 
time  and  scope  of  need  for  a lunar  construction  capability. 

The  first  two  of  these  deficiencies  do  not  disturb  me.  Lack  of 
knowledge  is  dangerous  only  when  the  deficiency  is  not  recognized.  The 
third  deficiency  is  lack  of  decisions.  This  one  dl8t\u'bs  me.  To 
better  understand  the  importance  of  these  decisions  on  future  lunar 
programs,  let  ixs  review  some  recent  history. 

(U)  The  Army  Engineers  have  been  actively  engaged  in  lunar 
construction  research  since  1957.  Of  oiu:  early  activities,  the  most 
noteworthy  was  Project  Horizon.  This  project  was  an  in-house  lunar 
base  concept  and  planning  study  conducted  in  1959  by  the  Technical 
Services  of  the  U.  S.  Army  under  the  coordinating  direction  of  the 
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Canmaodln^  General,  Amy  Ordziance  Missile  Comnand.  The  study  report 
concluded  that  a naimed  landing  on  the  moon  hy  1965  vas  technically 
possible  and  that  a 12>nan  lunar  base  could  be  operational  In  1967* 

(u)  The  design  concept  for  the  Horizon  base  vas  an  outgrowth  of 
earlier  studies  by  the  author  In  vhlch  a concept  vas  developed  for  an 
8-man  temporary  lunar  base. 

(u)  In  1959  this  nation  vas  not  prepared  to  make  a decision  for 
action  relative  to  a lunar  base. 

(U)  From  19^9  to  I962  the  Army  Engineers  continued  to  study  the 
problems  of  constructing  on  the  moon.  In  May  19^0,  Interim  results  of 
these  studies  vere  covered  In  testimony  by  the  Chief  of  Engineers 
before  the  House  Conmlttee  on  Science  cmd  Astronautics,  ^ese 
studies  produced  the  following  conclusions  In  1962: 

a.  In  the  absence  of  a "crash"  requirement,  10  or  more 
years  mxist  be  devoted  to  an  applied  research  and  develoiiacnt  program 
to  develop  a lunar  construction  capability. 

b.  The  scope  of  potential  problem  areas  is  so  great  that  an 
undirected  research  and  development  program  Is  essentially  Impractical. 
To  channel  efforts  and  funds,  requirements  for  construction  capabilities 
ffliist  be  defined  In  detail  and  the  research  and  development  effort 
restricted  to  achleva&ent  of  these  defined  capabilities. 

c.  To  design  and  construct  lunar  bases,  the  engineer  must 
be  provided  vlth  additional  data  concerning  the  physlceil  structure  and 
the  envlroimient  of  the  moon.  Hl£di  priority  shoxild  be  assigned  to 


acquisition  of  astropbysical  data  required  in  planning, 'designing  and 
constziictlng  a lunar  base. 

d.  Of  the  factors  influencing  design  of  lunar  bases,  the 
characteristics  of  the  space  vehicle  system  will  be  among  the  most 
important.  The  design  of  bases  will  be  Influenced  directly  by  the 
dimensions,  payload  ratings,  and  flight  stability  characteristics  of 
the  delivery  vehicles.  Potential  problems  in  this  area  are  of  such 
Import  that,  initially,  limar  base  construction  concepts  should  be 
developed  concurrently  vlth  the  conceptual  design  of  lunar  cargo 
vehicle  systems. 

e.  Conventional  laboratory  and  testing  facilities  vlU  not 
meet  the  full  range  of  requirements  of  a lunar  construction  developsent 
program.  Basic  amd  uncompraaislng  requirements  exist  for  manned 
facilities  on  earth  in  vhlch  the  lunar  environment  is  stimulated. 
Including  lunar  soil.  Such  facilities  are  required  for  Identification 
and  solution  of  construction  problems,  develoiment  of  design  criteria, 
design  verification  testing,  systems  integration  and  evaluation, 
acceptance  testing  of  hardware,  and  for  training  personnel.  Required 
fhcilitles  are  within  the  state-of-the>art. 

f . A minimum  level  effort  toward  developnent  of  a lunar 
construction  capability  will  require  an  in-house  research  and 
developaent  team  of  approximately  460  workers  supported  by  the 
industrial  and  scientific  community  under  contract,  new  facilities 
totaling  approximately  $23  million  in  capltcil  investment,  and  a 
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technical  program  costing  In  excess  of  $200  million  In  this  decade. 

(U)  In  1963  these  findings  vere  published  by  the  Axiay  Engineers 
as  part  of  a study  for  NASA  of  the  problems  of  developing  a lunar 
construction  capability. 

(U)  In  1963  this  nation  was  not  prepazad  to  malce  a decision 
relative  to  developing  a lunar  construction  capability. 

(U)  During  the  past  two  years  there  has  been  much  discussion  of 
idiat  should  be  the  U.  S.  space  objectives  after  successful  completion 
of  Project  Apollo.  Among  the  possibilities  discussed  Is  intensive 
exploration  of  the  moon  frcm  bases  on  Its  surface.  This  discussion 
has  not  yet  led  to  action.  There  Is,  however,  a growing  body  of 
Informed  opinion  that  holds  that  action  rntist  come  soon,  perhaps  next 
year. 

(U)  In  196^  and  1966  this  nation  was  not  prepared  to  make  the 
decisions  that  would  define  the  time  and  scope  of  need  for  a lunar 
construction  capability. 

(C)  In  ll{^t  of  this  recent  history,  will  these  decisions  be 
made  In  the  near  future?  In  the  absence  of  unforeseen  developments,  I 
think  the  answer  Is  yes.  On  this  assumption.  It  Is  then  possible  to 
postulate  the  possible  course  of  U.  S.  manned  lunar  activities  over  the 
next  20-2^  years  to  Include  the  relationship  between  military  and 
scientific  programs. 
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(c)  1965-19T0»  Als  period  irlll  earptaeslze  prepezmtlon  aad 
tfeaning  for  the  Mumed  Apollo  land  Inge.  Military  activities  vlll  be 
Halted  to  cooperative  support  of  HASA  aad  Ideatlficatloa  of  data 
needed  to  support  allltary  planaiag.  Bie  relatloiashlp  of  sdlitary  and 
scientific  activities  will  be  described  by  the  uord  "Cooperation." 

(C)  1970-19T5*  Shis  period  vHl  ospbaslze  exploitation  of  Apollo 
systesu  to  Increase  stay  time  on  the  moon  to  28-4^  days  and  to 
accomplish  lunar  exploration.  Military  programs  will  include  a start 
on  developing  a lunar  construction  capability  aad  design  of  experiments 
to  be  carried  out  on  the  moon  as  part  of  the  Bhtional  Manned  Lunar 
Program,  nie  relationship  of  mllltazy  and  scientific  activities  will 
be  described  by  the  term  "Integrated  Efforts." 

(C)  197?»1980.  9hls  period  vlll  emphasize  lunar  eoqiloratlon  aad 
extension  of  capabilities  to  stay  on  the  moon  for  periods  up  to  three' 
months . During  this  period  a small  temporary  manned  Ixanar  base  vlll  be 
operated  as  a Joint  DoD-KASA  project.  The  mission  of  this  base  vlll  be 
to  support  researdi  aad  experimentation.  The  relatioashlp  of  military 
and  scientific  activities  vlll  be  described  by  the  term  "Joint 
Frograns." 

(c)  1960-1990.  This  period  vlll  vltness  a maturing  effort  of 
lunar  and  deep  space  soqploratlon  and  exploitation  of  the  military  and 
scientific  values  of  lunar  bases.  During  this  period  a semlpezmaaent 
manned  base  vLU  be  constructed  on  the  moon.  Its  mission  vlll  Include 


support  of  military  aad  scientific  research  as  veil  as  aecomplishaent 
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of  aaslgned  nllitary  tasks.  In  this  period  data  vlU  hecoae  available 
on  iriblch  to  sake  decisions  concerning  the  long  range  role  of  the  soon, 
if  any,  in  both  scientific  and  military  space  activities.  The 
relationship  of  sdlltary  scientific  activities  will  be  described 
by  the  tezia  "Mutually  Supporting." 

I an  veil  aware  of  the  danger  of  speaking  about  an  American  space 
effort  without  giving  concurrent  attention  to  the  possible  course  of 
futxire  activities  of  the  U.S.S.R.  I hope  that  we  are  sufficiently 
matture  in  our  space  programming  to  understand  that  we  need  a program 
of  action,  not  Just  a program  of  reaction  to  Russian  activities.  I 
don't  know  what  the  Russians  are  going  to  do.  I am  not  even  sure  the 
Russians  know.  In  my  ignorance  I satisfy  my  needs  for  knowledge  of 
Russia's  future  activities  by  remembering  the  words  of  Professor 
Tsiolkovsky,  the  father  of  Russian  space  thought.  These  words  are 
chiseled  into  the  stone  that  marks  his  resting  place: 

"Man  will  not  stay  on  earth  forever;  but  in  the  pursuit  of 
light  and  space  will  first  emerge  timidly  frcm  the  bounds  of  the 
atmosphere,  and  then  advance  until  he  has  conquered  the  idtole  of 
circmsolar  space." 

I doubt  that  he  was  thinking  exclusively  about  the  exploits  of 
future  American  astronauts. 
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MATERIALS  IN  A SPACE  ENVIRONMENT 


I've  been  asked  to  describe  to  you  the  performance  of  some  selected 
classes  of  materials  in  a space  environment.  1 might  make  clear  that 
what  I have  to  say  does  not  in  any  way  remotely  resemble  the  environ- 
ment of  the  moon,  and  if  it  does,  it  is  purely  by  accident.  I am  trying 
to  stick  to  facts  which  represent  what  we  knaw  rather  than  what  we 
should  know.  In  this  way  perhaps  we  can  get  a feel  for  looking  into 
the  future  where  we  may  go.  The  facets  of  space  environment  sigriifi- 
cant  to  engineering  design  have  been  widely  described  and  summarized  in 
a great  variety  of  journals,  trade  magazines  and  reports  of  government 
agencies.  They  cover  the  magnitude  of  a vacuvun  with  distance  from  the 
earth  and  the  distribution,  mass  and  density  of  particulate  matter,  the 
composition  and  intensity  of  the  radiation  and  the  electrical  and 
magnetic  fields  within  cislunar  distances.  I do  not  intend  to  repeat 
these  statistics  here;  only  to  point  to  them  as  the  reason  for  your 
concern  with  a different  environment.  Some  of  the  unforeseen  failures 
of  space  probes  resxilted  from  unexpected  changes  in  engineering  materi- 
als brought  on  by  exposure  to  the  space  environment.  That  scientists 
and  engineers  have  learned  to  define  in  advance  and  cope  with  such 
changes  is  shown  by  the  steady  increase  in  spacecraft  reliability  since 
the  first  laurich  in  195T*  There  are  now  several  launches  a month  by  the 
Department  of  Defense  and  here  is  a record.  As  you  can  see,  as  ve 
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1965  Dau  extrapolated  from  data  of 
3p  Septemper.  1965 


Most  of  these  items  when  they  enter  space  perform  with  some 
reasonable  degree  of  success.  What  kind  of  effects  can  we  expect  which 
are  partly  due  to  the  natural  environment  of  space?  Effects  in  both 
the  bulx  characteristics  and  the  surface  characteristics  have  been 
recorded.  The  bulk  effects  are  largely  due  to  radiations  of  sufficient 
intensity  and  duration  to  cause  ionization  and  dislocation  reactions, 
and  to  gross  damage  due  to  particulate  matter.  The  surface  effects  are 
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often  thermal  optical  in  nature.  Properties  such  as  emittance,  absorp- 


tance,  reflectivit;y,  and  mechanical  such  as  sliding  friction,  cold 


welding  and  adhesion.  All  components  of  the  space  environment  can 


contribute  to  changes  in  the  original  properties  of  the  exposed  surface. 


Much  of  our  knowledge  about  the  effects  on  materials  has  been  acquired 


in  simulation  facilities  and  practically  any  single  phase  of  the  space 


environment  can  be  simulated,  even  emd  including  zero  gravity.  As  a 


side  remark,  I might  point  out  that  I have  personally  experienced  this 


myself  in  a zero  gravity  laboratory,  in  a KC  I30  flight  and  have  been 


sick  during  the  whole  hour  while  I was  engaged  in  such  a flight  three 


years  ago.  However,  eventual  confirmation  of  ground  evaluation  data 


must  be  and  is  being  obtained  in  the  actual  environment  in  order  to 


provide  validity  and  realism  to  engineering  design.  Two  points  should 


be  made  before  we  review  specific  effects  on  particular  kinds  of  materi- 


als. First,  the  space  environment  although  different  is  not  necessar- 


ily detrimental  to  materials  performance.  In  fact,  it  may  be  benign. 


when  one  considers  freedom  from  oxidation  and  atmosphere  induced 


corrosion.  Second,  for  any  device  used  in  space,  the  problem  of 


material  selection  resolves  to  a choice  of  materials  that  will  perform 


in  both  the  earth  and  space  environments.  It  is  an  impossible  task  to 


siimmarize  in  a realistic  fashion  the  effects  of  a space  environment  on 


the  mlrads  of  materials  with  diverse  functions  which  are  used  in  space 


vehicle  design  in  the  short  period  while  we  are  here.  Consequently,  I 
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will  attempt  to  direct  my  remarks  to  some  highlights  on  a few  material 
areas.  In  considering  the  structural  materials  we  find  that  metallic 


structural  materials  are  used  for  load  carrying  components  such  as 
fuel  tanks,  outer  shells,  and  membrane  structures.  All  the  high 
strength  alloys  based  on  magnesium,  aluminum,  titanium,  berylliiim  and 
stainless  steels  are  potential  candidates  for  materials.  Equally,  the 
high  strength  filament  reinforced  plastics  have  found  use  in  vehicle 
skins  and  stiffners  in  supporting  structures  both  when  used  as  stiffened 
panels  and( in, sotndvlch, construction.  . 

I do  not  have  a picture  of  a typical  unmanned  spacecraft  but  if 
you  look  at  it,  it  is  sort  of  a box  in  which  you  stack  things.  The 
electromagnetic  transparency  of  the  high  strength  reinforcing  plastics 
have  also  been  explored  for  radomes  and  antennas  as  well  as  for  high- 
frequency,  cOBBnuni  cat  ions  ,^;tel&netry,  , and' ’detection  devices.  - 

What  about  some  of  these  specific  materials?  The  specific 
environment  per  se  had  suggested  some  potentially  unique  problems  in 
the  use  of  metals.  There  was  anticipation  of  localized  loss  of  metal 
changes  in  mechanical  properties  associated  with  the  loss  of  adsorbed 
gas  layers,  and  variations  in  temperature  due  to  orbiting  modes.  None 
of  these  problems  have,  in  fact,  as  yet  proved  to  be  of  a significant 
magnitude  to  be  seriously  detrimental  to  structures  because  of  the 
ingenuity  of  the  designers.  For  instance,  of  all  the  metals  I have 
just  mentioned,  magnesium  is  potentially  the  most  volatile.  Such  loss 
of  metal  from  a film-free  surface  can  be  computed  theoretically  from 
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the  Langmuir  equation.  In  case  of  magnesium,  the  computation  shows 
losses  in  the  order  of  .00k  of  an  inch  in  the  course  of  one  year  at 
temperatures  of  about  UOO°F.  However,  the  Langmuir  equation  predicts 
only  mavimiim  rates.  Actual  obsejrved  rates  are  always  lower  even  in 
simulation  facilities.  Further,  loss  rates  can  be  substantially 
reduced  by  a very  thin  barrier  coating.  In  one  sense,  the  space 
environment  may  actually  be  beneficial.  There  is  evidence  that  the 
fatigue  strength  of  some  metals  is  increased  due  to  the  lack  of  an 
atmosphere.  It  is  postulated  that  in  a vacuum  the  loss  of  adsorption, 
which  only  coats  the  micro-cracks,  allows  the  cracks  to  self-heal. 

On  earth  when  a cracked  surface  becomes  coated  with  adsorbed  gaseous 
molecules  it  will  tend  to  hinder  the  healing  due  to  the  formation  of 
oxides  and  adsorbed  gas  layers.  However,  with  the  exception  of  fatigue 
life,  no  large  strengthening  effect  of  vacuum  on  mechanical  properties 
has  been  reported.  Fatigue  life  is  generally  reported  as  unchanged  or 
increased  Just  slightly.  Radiation  damage  to  metals  have  only  been 
observed  in  high  total  fluxes  on  earth  such  as  those  that  might  be 
obtained  close  to  nuclear  reactors.  At  the  very  high  dose  rates,  and 
here  I am  talking  in  the  order  of  1 x 10^^  nutrons  per  square  centi- 
meter or  higher,  static  embrittlement  takes  place  resulting  in  increase 
in  hardness  and  decrease  in  creep  proi>ertles,  plus  some  changes  in 
other  physical  properties.  Proton  damage  that  one  would  worry  about  in 
space  probably  requires  comparable  dose  levels. 


' A 'U  lifc'i 


C-5 


MATERIAL 


1 


Cold  iveldiiig  of  clean  t,as-free  polished  surfaces  can  and  does 
occur,  but  studies  on  adhesion  and  bare  aet^  friction  in  a high 
vacuum  environment  has  suggested  the  means  bj  which  cold  welding  can 
oe  either  accelerated  or  prevented.  ^ ” 


CONTRACT  LOAD(IO’PSI) 


Here  is  some  Hughes  Aircraft  Company  data  in  which  the  interest  is  in 
determining  the  non-cold  welding  Alterials  combination.  They  deal  with 
metals  such  as  aluminum,  titanium,  and  stainless  steels.  The  Rene  4l 
is  a nickel  allo^  used  to  a large  extent  in  many  of  our  newer  engines. 
The  bar  graph  shows  the  limits  at  which  neither  adhesion  nor  cohesion 
occurs  at  a pressure  of  10"^  torr  during  a 20  hour  period.  As  you  can 
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see  the  contact  loads  got  rather  high  even  though  the  temperatures  were 
high,  so  that  here  one  might  assume  that  at  lower  loads  the  same  data 
woiild  be  applicable.  This  gives  j'ou  some  conservative  judgement  for 
design.  Cold  welding  in  itself,  of  course,  is  not  necessarily  a detri- 
ment. We  have  talked  of  doing  things  in  space  and  perhaps  cold  welding 
represents  a method  of  joining.  We  should  consider  this.  Most  of  the 
organic  materials  used  in  spacecraft  are  long  chain  polymer  compounds 
which  degrade  in  vacuum  or  the  combined  environment  of  space  by  break- 
down of  the  long  chain  into  smaller  and  more  volatile  fragments  and  not 
by  direct  evaporation  or  sublimation. 

Fragmentation  of  polymer  chains  can  be  due  to  strong  radiations 
which  induce  secondary  ionizing  reactions  and  by  elevated  temperatures 
which  induce  pyrolysis  and  subsequent  scission  of  the  long  chain 
polymer.  Consequently,  the  Langmuir  equation,  that  I mentioned  earlier, 
which  incorporates  vapor  pressure  data  to  establish  evaporation  losses 
at  particular  temperattires  and  pressxires  is  useful  in  metals  and  for 
short  chain  compounds.  It  is  not  useful  for  the  long  chain  polymer  since 
it  does  not  evaporate  but  sublimes.  Generally,  you  have  to  do  emperical 
weight  loss  studies  if  you  want  to  get  any  information  in  either  singu- 
lar or  combined  environments  for  this  particular  facet  of  the  operation. 

A wide  variety  of  uses  of  organics  has  developed.  For  instance,  as 
structural  plastics,  as  adhesives  for  joining,  as  electrical  insulation, 
as  sealing  applications,  and  a thermal  insulation.  Foamed  polyvirethane 
between  like  metal  plates  has  been  demonstrated  to  be  an  excellent 


[ 

y 

I 
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hjpervelocity  particle  stopper  in  the  lower  ranges  of  masses  and  vel- 
ocities common  to  the  meteroid  environment.  The  USAF  Materials 
Laboratory,  of  which  I am  a member,  has  recently  done  some  work  which 
has  demonstrated  the  feasibility  of  using  the  naturally  occuring 
polymer  gelatine  for  application  as  a pre-packaged  expandable  structure 
capable  of  being  rigidized  in  space.  This  has  been  tested  on  earth, 

I might  add. 

How  about  moving  surfaces?  The  function  of  a lubricant  in  a load 
bearing  application  has  to  prevent  wear,  reduce  sliding  and  rolling 
friction,  exclude  dirt,  and  carry  away  heat.  Lubricants  and  friction 
reducing  materials  are  essentially,  therefore,  surface  contaminents . 
Naturally  occurring  films  formed  on  bearings  due  to  the  presence  of 
atmosphere , as  the  oxides,  absorb  gases  and  moisture  assist  in  this 
function.  The  new  environments  immediately  bring  concern  that  lubricants 
wovild  not  be  effective  due  to  the  evaporation  losses  in  a vacuum  and  the 
destruction  of  the  atmosphere  formed  film  which  prevents  the  adhesion  of 
some  of  the  vuilubricated  surfaces  when  they  come  in  direct  contact. 

Metal  films  on  moving  surfaces  are  an  efficient  boundry  lubricant  in 
many  cases.  One  response  to  a problem  such  as  this  is  the  use  of  a 
laoninar  solid  film  such  as  molymirdium  disulfide  bonded  to  the  surface 
by  some  form  of  a matrix  material.  Plastics  such  as  teflon  and  films 


in  the  above  forms,  and  metallic  coatings  of  silver  and  gold  have  also 
functioned  successfully  under  intemittent  use  both  in  high  vacuum  and 


usage.  Laooratory  friction,  wear  data,  and 

dry  films  are  shown  on  the  following  grapli. 

moly  disulfide 

contained 

DRY  FILM 
MATERIAL 

EVAPORATION  RATE 
{ cm  sec 

SO’F  350'F 

COEFF.  OF 

FRICTION 

ON  440  C SS 

WEAR 

In7  HR 

MoS^ 

CERAMIC-BONDED 

fXIO'®  IXIO'® 

0.306 

0 4 

MoS 

2 

METAL-MATRIX 

BONDED 

8XI0-’  8XI0-’ 

0.10 

O.OIS 

SILICONE-RESIN 

BONDED 

2X1 0-’ 

0.03 

0.001 

PHENOLIC-EPOXY 

8X10-7  8XI0-’ 

0,022 

0.0002 

PRESSURE  - SXlir^^O  JXIOr^mni  Hi 
SLIDING  VELOCITY  - 390  FT  PER  MIN 
LOAD  - 1000  itns 
TIME  - I HOUR 

I 

The  resin  bonded  lubricant  is  superior  for  the  normal  temperature  ranges. 


For  high  temperatures  the  use  of  an  organic  film  would  have  to  be  con- 


sidered, however.  Screening  studies  such  as  these  on  a -wide  variety 


of  lubricants  and  bearing  lubricatit  combinations  have  pointed  to  lubri- 


cation materials  and  lubricating  techniques  which  can  be  used  in  space 


environment.  For  instance,  recent  simulation  tests  on  components  have 


indicated  that  a special  grease  and  a single  charge  can  successfully 


lubricate  double  shielded  high  precision  bearing  (such  as  are  fourid  in 
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small  electric  motors)  for  a period  of  two  years.  This  demonstration 
was  conducted  with  a silicone  oil  grease  at  a speed  of  8,000  rpm  in  the 
10"6  to  10“^  torr  region.  A range  of  dry  lubricants  typical  of  current 
unmanned  spacecraft  can  be  seen  in  NASA's  orbiting  geophysical  observa- 
tory vehicle  which  also  uses  hermetic  seals  for  critical  parts  to  get 
around  the  loss  of  lubrication.  Exposed  shaft  and  drive  bearings  are 
coated  with  gold,  one  set  of  gears  uses  sintered  bronze  impregnated 
with  molydenm  disulfide.  There  are  some  25O  louver  bearings  coated 
with  a mixture  of  silver  and  moly  disulfide.  Good  re salts  have  been 
obtained  with  silicone  oils  and  greases  in  light  load  applications. 

The  successful  mechanism  in  the  TIROS  II  weather  satellite  was  based 
on  the  controlled  loss  of  lubricant  from  a reservoir.  This  controlled 
loss  of  lubricant  was  precalcxilated  on  the  basis  of  a molecular  flow 
resistance  equation,  essentially  a variety  of  the  Knudsen  diffusion 
equation,  which  worked  quite  successfully.  As  we  note  the  TIROS  has 
been  giving  us  useful  data.  The  natural  radiation  environment  offers 
no  problems  to  lubricants  in  space  since  almost  all  areas  of  lubrication 
are  naturally  shielded.  The  event  of  nuclear  reactors  for  power  uses 
with  their  much  higher  flux  would,  of  course,  change  all  of  this.  The 
single  largest  unresolved  space  lubrication  problem,  I believe,  will 
involve  mechanisms  operating  under  heavy  load  conditions,  particularly 
if  these  losids  are  combined  with  elevated  temperatures. 

When  you  put  things  together,  you  have  to  Join  them.  In  Joining, 


I would  like  to  talk  briefly  about  some  adhesives.  Adhesives  for  aero- 
space application  are  predominately  organic,  high  pol^yiner  materials  and 
are  used  in  structural,  non-structural,  and  optical  applications. 
Structural  adhesives  are  for  applications  in  bonding  of  primary  space- 
craft structures  to  themselves  and  to  each  other.  These  bonds  may  be 
metal  to  metal  or  reinforced  plastic  panels  either  honeycombed  or  in 
sandwich  construction.  The  adhesives  are  chemically  typified  by 
polymers  such  as  the  epoxys,  polyTirethane  phenolics,  and  certain  sili- 
cones. They,  generally  require  elevated  temperatures  for  curing  under 
pressure.  Structural  adhesives  are  generally  elastromeric  or  thermal 
plastic  and  typical  examples  are  air  dry  solvent  systems  of  natural 
synthetic  rubbers  such  as  silicones,  neoprenes,  and  nitriles.  They  may 
be  used  for  items  such  as  gluing  all  covers  under  solar  systems  - glass 
covers.  Special  ceramic  adhesives  for  use  at  temperatures  about  1000°F 
have  also  been  developed.  Important  properties  which  must  be  considered 
by  the  designer  and  which  are  prone  to  degradation  by  an  environment 
are  tensil  and  shear  strength,  yield  strength,  creep,  optical  trans- 
mission, and  thermal  limits.  Adhesive  selection  also  depends  upon 
design  factors  which  are  not  a function  of  the  operating  environment  or 
related  to  the  form  of  the  adhesive  and  its  processing  characteristics. 
The  principle  environments  affecting  the  quality  of  the  adhesive  bonded 
structural  joints  in  spacecraft  are  high  and  low  temperature,  nuclear 
radiation,  and  high  vacuum.  For  optical  application  such  as  the 


bonding  of  solar  cell  covers  and  optics  external  to  the  spacecraft 
ultra-violet  radiation,  nuclear  radiation,  and  ten^rature  extremes 

becomes  of  immediate  concern.  What  can  be  said  regarding  the  polymeric 
adhesives  under  the  Influence  of  the  natural  space  environment  at  least 
as  far  as  oxur  simulation  shows  euid  some  of  our  data  acquired  from  the 
operation  of  near  space  vehicle  shows?  Within  a range  of  temperature 
of  between  100°  to  400°  the  adhesives  will  perform  satisfactorily  and 
follow  the  limits  observed  In  laboratory  and  ground  simulation  studies. 
Most  structural  pieces  perform  well  under  radiation  conditions  found 
In  space.  In  fact,  if  one  extrapolates,  one  can  estimate  perhaps  a 
, five  year  life.  The  amount  and  nature  of  shielding  material  over  the 

adhesives  obviously  extends  Its  performance  reliability,  and  useful 
life.  Bonded  Joints  present  very  little  adhesive  surface  to  the  vacuum 
environment  and,  of  course,  inherent  materials  are  relatively  imper- 
meable to  gases.  The  effects  of  vacuum  on  mechanical  properties  are 
Insignificant  for  most  applications. 

The  affects  of  combined  environments  of  vacuum  and  elevated 
temperat\ires  are  shown  in  this  graph. 
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These  numbers  refer  to  the  leakage  rate  in  terms  of  10”°  cubic  centi- 
meters per  second  mider  the  condition  shown  here.  The  controls  show 
that  the  loss  should  be  less  than  one  for  all  of  these  different  adhe- 
sives in  different  forms.  I mentioned  liquids,  supported  films  and 
support  films.  However,  you  will  notice  that  nuclear  radiation  in  a 
250°F  lo”^  Torr  pressure  leak  rates  are  generally  below  lO”^  cubic 
centimeters  per  second  in  a well  designed  joint.  Nuclear  radiation 
produced  greater  effects  on  blue  line  porosity.  This  is  rather  a high 
level  radiation,  I might  add,  for  10”  and  10”“  rads  are  approaching 
nuclear  levels.  For  design  application  in  which  adhesives  must  perform 
the  dual  functions  of  joining  and  sealing  against  the  internal 


pressurization  loss  the  additional  use  of  an  elastomeric  sealant  on  the 


! 
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high  pressvire  side  of  the  Joint  v^ould  be  recommended. 

How  about  the  temperature  control  situation?  The  function  of 
thermal  control  for  vehicle  which  depends  on  any  significant  time  in 
space  is  carried  on  mainly  by  coatings  whose  purpose  is  to  adjust  the 
emittance  and  absorptance  of  internal  and/or  external  surfaces.  Energy 
in  mai;^  forms  reach  the  surface  of  the  vehicle.  There  are  the  radiations 

i 

of  the  sun,  the  earth's  albedo,  the  earth's  radiation.  Just  to  name  a : 

i 

few.  These  radiations  are  largely  converted  to  heat  by  the  interaction  I 

with  the  vehicle  shin.  Furthermore,  the  electric  systems  within  the 
vehicle  generate  significant  heat  of  its  own.  Various  coatings  with 
suitable  ratios  of  absorptance  to  emittance  are  used  both  internally 

jj 

and  externally  to  control  the  temperature  within  the  vehicle.  Three  | 

primary  classes  of  each  coating  are  generally  recognized  as  well  as  ‘i 

■i 

defined  in  problems  of  sensitivity  to  the  space  environment.  Some  may  I 

use  coatings  of  metallic,  cereimic  and  organic  types.  Each  one  has 
its  own  function  depending  upon  the  limit  you  want  to  establish  in  the  , 

absorptance  to  emittance  rate.  The  principle  interaction  between  the 
space  involvement  and  organic  coatings  is  the  degradation  of  the  coat- 
ings due  to  the  absorptance  of  various  wave  energies.  Ultra-violet,  for  ] 

example,  will  interact  with  coating  polymers  to  cause  oxidation  and 
cross  linking.  The  oxidation  will  resiilt  in  the  formation  of  these  low 
molecular  weight  parts  that  I mentioned  before  and  these  will  tend  to 
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evaporate.  Cross-linking  due  to  ultra-violet  will  cause  peeling  and 
craciiing  of  the  coatiiig,  as  well  as  color  changes  in  the  coating 
itself,  which  would  affect  the  design  ratio. 
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This  graph  merely  shov/s  the  results  of  a ultra-violet  radiation 


on  the  absorptance  of  several  typical  coatings.  As  time  increases  you 


can  see  we  have  a gradual  diminuation  in  the  value  of  the  alpha  or 


absorptance  value.  This  would,  of  course,  then  change  the  conditions 


under  which  you  wovild  expect  to  be  able  to  use  this  material  signifi- 


cantly. An  effective  protection  mechanism  for  this  ultra-violet 


sensitive  material  is  the  addition  of  a strong  ultra-violet  absorber 


such  as  ferrocine. 
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FERROCINE  TYPE  ABSORBER 
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Here  is  a developiaent  whicn  came  as  the  result  of  a Suud;>'.  You 
will  see  here,  that  while  v;e  do  get  some  sacrifice  in  absorptance  with 
the  use  of  the  aosorber  from  the  initial  value  after  the  50  hours  the 
additive  is  showing  consideraole  improvement  over  the  non-additive 
materials.  The  ferrocine  is  a compound  which  has  an  iron  matrix  in  its 
midst,  so  to  speak.  These  are  just  a few  examples  and  like  I say,  one 
can  go  ori  endlessly. 

In  closing,  as  the  si^e,  complexity  and  dwell  time  in  space  of 
devices  and  vehicles  increases,  there  is  a certainty  that  unanticipated 
and  possible  undesirable  effects  will  be  observed  which  affect  the  per- 
formance of  materials.  Continued  observation  and  thought  is  necessary 


Doth  on  the  ground  and  in  space  to  refine  our  experience  and  thus  be 
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able  to  hold  the  vmeuiticlpated  to  a minimum.  However,  a large  body  of 

1 

engineering  knowledge  and  materials  behavior  is  here  now,  even  in  only 
the  short  period  of  ten  years,  to  give  the  inventive  engineer  the  back- 
ground for  exploring  new  and  mprovcd  methods  for  exploiting  space.  ‘ 

In  so  doing,  he  will  develop  new  challet^ges  and  opportunities,  I am 

i 

sure,  for  us  in  the  material  engineering  community. 
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SPACE  EXPERIMENTATION 

(U)  The  Army  Field  Office  at  the  Air  Force  Space  Systems  Division 
is  a small  element  of  the  Army  Iviateriel  Coumiand,  of  which  our  hosts, 
WECOM,  is  a large  element.  Specifically,  the  Army  Field  Office  is 
respvjnsiole  for  liaison  between  all  elements  of  the  Army  arid  the  Air 
Force  Space  Systems  Division  at  Los  Angeles,  California.  The  fact  that 
our  small  office  exists  is  some  evidence  that  the  Army  has  an  interest 
in  developments  in  space. 

(S)  As  you  are  aware,  the  Air  Force  is  the  responsible  agency 
within  DOD  for  programs  and  developments,  for  utilization  of  space; 
and  the  Space  Systems  Division  is  the  specific  organization  with  hard- 
ware development  responsibilities.  Within  this  frsuneworK,  however, 
requirements  for  support  of  the  Army  in  its'  traditior.al  roles  and 
missions  remain  and  continue  to  be  the  Army's  responsibility.  AR  70-36 
recognizes  the  Army  requirement  to  carry  out  Research  and  Development 
activities  in  the  Research  and  Exploratory  Development  areas. 

(U)  Today  I hope  to  give  you  an  idea  of  space  programs  and 
experimentation  in  space,  to  review  future  possible  courses  of  this 

experimentation,  and,  finally  to  talk  about  potential  applications  of 
space  technology.  Let  us  first  look  at  NASA,  and  then  DOD  experiment 
programs . 

(U)  In  NASA,  the  Mercury  series  of  one-man  flights  primarily  was 

intended  to  demonstrate  that  man  could  survive  and  function  throughout 
an  earth  orbital  mission. 
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(U)  Within  the  series  of  Gemini 
two-man  flights,  in-flight  experi- 
mentation has  included  a variety 
of  ph:/ siological  tests  - bone  cal- 
cium loss,  heart  condition,  visual 
acuity,  etc.;  terrain  and  cloud 
photography;  on-board  navigation; 
envirorunental  measurements  — 
electron  density,  radiation  levels, 
etc.;  and,  of  course,  the  well -publicized  extravehicular  activities. 

DOD/NASA  GEMINI  EXPERIMENTS 

lilLE 

0-1  PHOTOGRAPHIC  DEFINITION  OF  OBJECTS  IN  SPACE 

0-2  PHOTOGRAPHIC  DEFINITION  OF  OBJECTS  IN  NEAR  SPACE 

0-3  MASS  DETERMINATION 

0-4  RADIOMETRIC  BACKGROUND  MEASUREMENTS 

0-5  STAR  OCCULTATION  FOR  NAVIGATION 

D-6  PHOTOGRAPHIC  DEFINITION  OF  TERRESTRIAL  FEATURES 

D-7  RADIOMETRIC  MEASUREMENT  OF  OBJECTS  IN  SPACE 

D-8  RADIATION 

0-9  MANUAL  SPACECRAFT  NAVIGATION 
D-IO  SPACECRAFT  ATTITUDE  DETERMINATION 

D-ll  TERMINATED 

0-12  MODULAR  ASTRONAUT  MANEUVERING  UNIT 
D-13  ASTRONAUT  VISIBILITY 
Q-14  UHF,  VHF  POLARIZATION  MEASUREMENTS 
0-15  LOW  LIGHT  LEVEL  TV 

0-16  MINIMUM  REACTION  POWER  TOOL  EVALUATION 

Man's  capability  not  only  to  survive  for  several  weeks  in  a weightless 
environment,  but  also  his  ability  to  be  reasonably  alert  at  the  end  of 
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of  this  time  has  been  demonstrated.  That  spacecraft  can  be  precisely 
maneuvered  has  been  demonstrated,  as  has  the  feasibility  of  usefiil 
extravehicular  activity  by  an  astronaut.  NASA  earth  photography  has 
shown  that  we  can,  indeed,  see  and  recognize  some  detail  on  earth  from 
space. 

(U)  With  regard  to  the  future,  of  co\xrse,  the  Apollo  manned  lunar 
landing  progrsun  is  the  predominant  NASA  effort.  There  will  be  a series 
of  Apollo  earth“Orbiteil  research  and  development  flights,  on  which  some 
space  for  experiments  (primarily  scientific  in  nature)  is  available. 

(U)  The  Apollo  Applications  Program  (AAP)  will  enter  systems 
definition  in  early  summer,  with  two  (2)  contractors  under  contract 
to  NASA.  This  is  the  only  NASA  manned  spaceflight  program  firmly 
scheduled  to  follow  Apollo.  It  will  use  much  Apollo  technology. 

Present  plans  call  for  earth-orbital  flights  of  up  to  days  (with 
resupply)  lunar  orbital  flights,  and  l4-day  exploration  missions  on  the 
lunar  s’orface.  Additionally,  NASA  has  many  unmanned  scientific 
programs . 

(.U)  NASA  has  issued  publications  outlining  possibilities  for 
secondary  payload  rides.  Channels  and  procedures  are  being  established 
between  NASA  and  DOD  to  enable  placement  of  appropriate  DOD  secondary 
payloads  on  NASA  launchers.  In  addition  to  this  activity,  there  is  a 
small  DOD  group  at  NASA  (Houston,  Texas)  concerned  with  the  DOD  experi- 
ments in  the  Gemini  program.  Whatever  DOD  experiments  are  done  in  the 
Apollo  work  will  be  coordinated  by  this  group. 


(o)  The  DOD  now  has  several  on-going  satellite  prograuns.  The 
current  Ari.iy  space  activities  include  participation  in  several  programs 
as  ./ell  as  support  to  liASA.  The  Army  is  responsible  for  the  ground 
environment  for  the  Defense  Communications  Satellite  program.  This 
includes  three  projects:  (l)  the  SIMCOM  II  and  III  satellites,  origin- 
ally launched  by  NASA.  The  Army  operates  ground  terminals  in  Hawaii, 
Ethiopia,  Viet  Nam  and  Thailand  for  this  system;  (2)  the  Initial 
Defense  Communication  Satellite  Project  (IDCSP)  involving  a global  net- 
work of  ground  terminals  which  are  being  developed  by  the  Army,  and 


( 3)  the  Advanced  Defense  Communication  Satellite  Project  (ADCSP) . The 
Army  is  participating  in  definition  phase  of  ADCSP  and  will  develop 
ground  terminals  for  this  system. 


(u)  The  Amy  Corps  of  Engineers  operates  the  Sequential  Collation 


of  Range  (SECOR)  geodetic  satellite  system.  The  SECOR  system  uses 


electronic  ranging  techiaques  to  accurately  locate  land  *".asses 


This  is  a view  of  one  model  of  the 


SECOR  satellite.  It  is  nearly  one  foot  on  edge  and  weighs  40  pounds 


These  satellites  l^ave  been  launched  as  secondary  payloads  aboard 


SECOR  TYPE  II  SATELLITE 


(U)  Project  HARP  is  conducted  jointly  by  the  Army  Ballistic 


Research  Laboratories  and  McGill  University  of  Canada.  It  involves  the 


use  of  smoothbore  5”inch,  Y-ind 


altitudes  of  about  U00,000  feet 


The  Corps  of  Engineers  iias  provided  construction  efforts  in 


support  of  NASA.  Also,  within  the  Corps  of  Engineers,  we  have  heard 


about  Mr.  Lowe's  program  of  lunar  studies 


(C)  The  An:iy  Mobility  Command  has  participated  in  limar  roving 


vehicle  evaluations  for  MiA 


(u)  The  Katicji  Laboratories  are  developing  and  testing  space 


suits  for  the  ira.nned  space  flight  programs.  The  Laboratories  also  have 


developed  foods  for  use  in  space,  and  food-dispensing  techniques  used 


by  NASA,  and  probably  to  be  used  in  the  DOD  MOL  prograim 


Air  Force  satellite  programs  include  the  continuing 


Discoverer  series  of  launchers;  the  Vela  nuclear  explosion  detection 


and  initial  defense  communication  satellites,  soon  to  be 


launched  as  secondary  payload  on  a Titan  III  Research  and  Development 


launch;  as  well  as  several  highly 


(U)  The  military  manned 


effort  currently  is  centered  in 


the  Manned  Orbiting  Laboratory 


(mol);  the  first  of  which  is 


scheduled  for  launch  in  I969 


This  is  a DOD  program,  managed  by 


experimental  manned  laboratories 


in  orbit.  These  will  be  a so 


called  integral  launch.  An  empty 


laboratory  "can"  probably  to  be  launched  by  an  up-rated  Titan  III 
booster,  with  an  attached  modified  Gemini  capsule.  When  orbit  is 
achieved,  the  two-man  crew,  who  occupied  the  Gemini  at  launch,  will 
move  to  the  laboratory  "can"  to  perform  various  experiments.  Upon 
completion  of  their  activities,  probably  after  about  30  days  in  orbit, 
they  will  return  to  the  still-attached  Gemini,  abandon  the  MOL  "can" 
and  return  to  earth. 

(U)  Very  briefly,  and  merely  to  establish  a reference  of  booster 
capabilities:  The  Atlas  Agena  is  capable  of  placing  a payload  of 
6,000  pounds  into  a 3OO  nautical  mile  orbit  or  nearly  1,000  pounds 
into  an  earth  escape  trajectory.  The  Titan  IIIC  can  place  23,000 
pounds  in  300  nautical  mile  orbit,  or  5,000  pounds  into  an  escape 
trajectory. 

(U)  Certain  Atlas  launchers  and  some  RfieD  launchers  of  the  Titan 
IIIC  may  have  excess  capacity.  Tq  get  the  "hitch  hiker"  and  the  boost- 
er together,  in  addition  to  the  NASA  coordinating  groups  already 
mentioned,  DOD  (DDR&E)  has  established  two  panels. 

(U)  The  first  of  these,  the  Aerospace  Research  Support  Program 
(ARSP)  is  run  by  the  Air  Force  Office  of  Aerospace  Research  (OAR). 

They  are  concerned  with  support  of  experiments  of  the  early  effort 
type  of  thing.  Specifically,  in  DOD  terminology,  ARSP  supports  space - 
borne  experimentations  in  the  areas  of  Research  and  Exploratory 
Development.  The  ARSP  developed  a series  of  orbiting  vehicles  to 
carry  experiments.  These  include: 
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Oroiting  vehicle  1 - Thi 


outgrowth  of  a oallistic  pod,  de 


With 


guidance  and  propulsion,  these 


OV-1  vehicles  launched  from  Atla. 


space  boosters  can  carry  multiple 


have  been  launched;  a total  of  aoout  ten  are  programmed 


Orbiting  vehicle  2 - Designed  to 


ride  on  Titan  IIIC  RilD  launchers 


This,  also,  is  a multiple 


Orbiting  vehicle  5 " is  a family 


of  small  tetrahedral  satellites 


each  of  which  normally  carries 


Orbiting  vehicle  4 - is  a specialized  communication  experiment  carrier. 
Orbiting  vehicle  3 - Designed  as  payload  for  Scout  solid  rockets. 
Approximately  6 are  now  programmed.  None  have  flown  as  yet. 


(U)  The  OAR  has  prepared  a handboox,  outlining  the  ARSP  program 
and  describing  vehicle  capabilities . Facilities  of  the  program  can  be 
made  available,  through  intra-service  channels. 

(U)  The  other  means  of  support  for  space  experimentation  is  the 
Space  Experiments  Support  Panel  or  SESP.  This  program  supports  work  in 
the  Advanced  Development  and  Engineering  Development  DOD  budget  areas. 
It  is  managed  by  Space  Systems  Division  of  the  Air  Force  Systems 
Command,  with  participation  by  the  Army  and  Navy. 

(U)  Key  points  of  SESP  include; 

(1)  Projects  nominated  for  launch  support  by  the  SESP  must 
be  fxinded  in  the  Advsuiced  Development  or  Engineering  Development  (6.3)> 
or  (6.4)  or  operational  project  programs. 

(2)  The  agency  requesting  launch  support  must  fund  for  the 
hardware  which  is  to  be  flown,  to  include  flight  qualification.  The 
SESP  will  provide  funds  for  integration  of  the  experiments  hardware 
into  spacecraft  and  for  necessary  launch  support. 

(3)  Projects  nominated  to  the  SESP  must  have  approval  of  the 
sponsoring  agency  and,  in  the  case  of  Army  projects,  are  submitted 
through  command  channels  to  Headquarters,  Department  of  the  Army,  for 
final  review  and  submission  to  the  SESP. 

(4)  After  submission  of  projects  of  all  Services  to  the 
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oESP,  an  executive  committee  reviews  the  projects,  establishes  a 
priority  of  launch  support  for  acceptable  projects  and  sends  the 
program  to  DDR£sE  for  approval.  The  executive  committee  is  made  up  of 
one  representative  each  from  Army,  Navy  and  Air  Force.  The  selection 
of  experiments  is  made  on  their  merit,  without  regard  to  service.  The 
SESP  also  has  published  a book  of  instructions  and  hat  started  pro- 
gramming for  in-flight  experiments  for  the  next  five  years. 

(U)  Tyi)es  of  eaqperiments  submitted  for  inclusion  in  the  SESP 
range  from  launch  of  communications,  meteorological  and  SECOR 
satellites  through  spaceborne  navigation  systems  development,  ion 
engine,  and  space-maintenance  studies. 

(U)  It  is  hoped  that  SESP  and  ARSP  will  be  the  programming  and 
scheduling  agencies  for  all  DOD  in-space  experimentation.  For  the 
experiments,  these  programs  offer  aui  opportunity  to  obtain  launch 
support  without  the  need  for  furnishing  the  direct  costs  involved  in 
securing  a launch  vehicle.  Since  the  smallest  booster  now  available 
for  obiting  small  payloads  costs  something  over  a million  dollars, 
this  is  a significant  opportunity.  At  the  same  time,  the  experimenter 
must  be  prepared  to  deliver  flight-qualified  hardware  on  time  to  meet 
launch  schedules.  Flight  qualification  testing  often  involves  consi- 
derable time  and  expense.  For  example,  flight  qualification  of  this 
SECOR  geodetic  satellite  adds  about  23^  to  the  time  and  over  23^  to  the 
cost  of  obtaining  similar  hardware  which  does  not  have  to  be  launched. 

(U)  FUTURE.  Since  it  established  the  first  radar  contact  with 
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the  moon  in  19*+6,  and  launched  the  first  U.  S.  satellite,  Explorer  I, 
on  31  January  1958>  the  U.  S.  Army  has  continued  to  be  active  in  the 
national  space  program. 

(S)  The  continuing  requirements  of  the  Army  call  for  support  from 
space,  perhaps  in  the  areas  of  tactical  and  strategic  communications, 
command  and  control,  intelligence,  geodesy,  meteorology,  missile  and 
space  vehicle  detection  and  negation,  and  electronic  intercept  and 
countermeasiires.  Exploratory  and  defense  capabilities  to  support  lunar 
operations  appear  to  be  required. 

(s)  What  about  "farther  out”  possibilities?  Martian  and 
Venusian  exploration,  first  unmanned  and  then  manned,  appears  to  me 
personally  to  be  certain.  Semi -permanent  lunar  scientific  and  quasi- 
military bases  also  to  me  appear  to  be  in  the  near  future.  Lunar 
bases  might  serve  as  refueling  and  staging  bases  for  interplanetary 
travel.  In  a military  sense,  they  might  be  used  as  observation  posts, 
retailiatory  bombing  platforms,  command  posts,  possibly  interplanetary 
interception  bases. 

(U)  CaptTire  of  an  asteroid  for  purposes  of  colonization,  manning, 
or  for  military  basing  has  been  proposed.  Some  of  the  asteroids 
approach  earth  closely.  Their  orbits  could  be  altered  by  atomic 
explosions  properly  placed  on  their  surface.  Such  an  earth-orbiting 
asteroid  would  have  the  same  users  as  a moon  base,  and  could  in  fact, 
be  a competitor  satellite  to  the  moon. 

(U)  Dr.  Sanger,  in  his  book,  "Space  Flight,"  discusses  a trip 
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to  nearby  stars  in  a constant  acceleration  nuclear  powered  spacecraft. 
The  crew,  due  to  effects  of  relativity,  would  age  30  to  1*0  years  during 
the  trip,  while  this  journey  of  exploration  would  occupy  several 
hundred  earth  years. 

(U)  The  late  Dandridge  Cole  in  his  book  "Island  in  Space"  dis- 
cusses hollowing  out  the  interior  of  a captured  asteroid  by  focusing 
a nuclear  explosion.  While  semi-molten,  the  asteroid  would  be  spun-up 
to  form  an  egg-shell-like  structure.  Upon  cooling,  colonization  could 
take  place  on  the  inside  of  this  spinning  shell  in  a sort  of  inside-out 
gravitational  field,  and  a man-made  environment. 

(U)  Some  of  these  things  may  not  take  place  --at  least  in  my 
timel  On  the  other  hand,  some  of  them  probably  will.  It  is  incumbent 
upon  us  to  prepare,  and  specifically  to  prepare  the  Army,  for  its  role 
in  these  activities. 

(u)  I have  noted  some  potential  Army  requirements  in  space.  To 
fulfill  them  we  need  not  reinvent  the  wheel  --  DOD  and  NASA  have  done 
much  work  in  material  and  biological  areas  and  their  relation  to  space. 
Means  of  testing  are  available!  not  only  in  space  chambers,  but  also 
through  the  in-flight  capabilities  of  NASA  programs,  and  primarily 
through  the  DOD  Aerospace  Research  Supported  Program  and  Space 
Experiments  Supported  Program. 
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DEFENSIVE  WEAPONS  CONCEPTS 
FOR  A LUNAR  BASE 

(C)  As  you  may,  or  may  not  Know,  the  Army  Weapons  Command  has 
been  active  in  trying  to  stimulate  interest  in  a defensive  weapon  space 
program.  Initial  discussions  with  people  from  both  industry  and 
government  agencies  disclosed  that  for  the  most  part,  very  limited 
thought  had  been  given  to  the  possibility  that  a space  enviroijnent 
v,ould  present  an  entirely  new  set  of  ground  rules  for  weapons  design. 
Besides  the  hostile  environment  of  vacuuiQ  and  temperature,  there  are 
several  human  engineering  proolems  to  De  overcome.  The  space  suit  will 
of  necessity  be  pressurized. 
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lA'6  rc^li'ic^  I'rccdo-i  oi’  luuvt.ix'nt  and  reduce  the  cauaoiiiuv  to 


.^.liuuaate  ..eapO:.  ..*eciii.nio..*J . Tiie  space  suit  ne-b-et  wixa  reduce  the 


to  use  eapu:.  si,nts.  ri.e  oailooni:.,  ei'i’ect  of  tne  space  sui 


prevent  an,;  i.i..d  of  ..eapon  fro..*  ueinf.  steadied  apainst  tiic  uod^ 


*c..  it  is  This,  ana  the  uo-.  acceleration  ol  travit,.  on  the 


:noo:.  :.a  , re  ;uire  a cQ..SLderauie  reduction  in  rccoiu  uiomenta’a.  These 


re  onlv  a few  of  the  factors  that  present  entirexj  ne..  and  difiereit 


requirements  -o  a ..eapon  aesirr*er 


EXPLOIT  ASPECTS  OF  SP 
ARMY’S  ABILITY  TO  PERJ 


ANOiTHE 


• SUPPORT 
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(U)  Our  interest  and  efforts  here  at  the  Weapons  Ca-;niai.d  are 
not  cased  upon  our  own  fancy,  but  as  stated  in  AR  70-3t>;  "It  is  the 
policy  of  the  Department  of  the  Array  to  exploit  those  aspects  of  space 
techfiology  which  cajx  enhance  the  Army's  ability  to  perfonji  its  assigned 
missions."  The  Dt-parbraent  of  the  Array  also  supports  national  space 
programs,  such  as  those  conducted  oy  the  National  Aeronautics  and  Space 
Adraiiiistration.  These  are  supported  with  Army  capabilities  and  facil- 
ities, as  directed  by  the  Secretary  of  Defense.  For  the  purposes  of 
this  oriefiiig,  the  applications  of  space  technology  to  support  Army 
functions  are  of  primary  interest. 

(u)  AR  70-36  also  points  out  that  all  of  the  Services  may  con- 
duct research  and  exploratory  development  to  discover  new  ways  to  use 
space  technology.  This  authorizes  Army  agencies  to  carry  out  R&D 
activities  in  space  projects  funded  under  expl  ratory  development 
programs- 


ARMY  OPERATIONAL 
AND 

ORGANIZATIONAL  OBJECTIVES 


(U)  Operational  and 
organizational  objec- 
tives, together  with 


SUITABLE  AND  TIMELY  EXPLORA- 
TORY AND  DEFENSE  CAPABILITY 
IN  SUPPDRT  OF  UNITEO  STATES 
OPERATIONS  ON  THE  SURFACE 
OF  THE  MOON. 


SUITABLE  AND  TIMELY  ORGANIZA- 
TIONS TO  CARRY  OUT  SUCH  ARMY 
LUNAR  EXPLORATORY  ANO 
DEFENSE  MISSIONS  AS  MAY 
BE  ASSIGNED. 


materiel  development  ob- 
jectives for  extraterres- 
trial activities,  are 
contained  in  the  combat 
development  objectives 

guide,  more  commonly 
known  as  CDOG. 
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The  Army  operational  and  organizational  objectives  include  suitable 
and  timely  exploratory  and  defense  capaoilities  to  support  U.  o. 
operations  on  the  moon,  examples  are  the  lunar  case  teams  of  the  Apollo 
program.  The  initial  team  of  .vhich  is  programmed  for  the  early  1970' s. 
These  CDOG  objectives  state  a req.uireraent  for  capabilities,  at  an 
appropriate  time,  for  operations  on  the  moon  and  other  planets.  As  you 
can  see  included  in  the  material  desired  are  individual  equipment  and 
weapons . 
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QUALITATIVE  MATERIEL  DEVELOPMENT  OBJECTIVE 


EQUIPMENT  FOR  OPERATIONS  ON 
THE  MOON  AND  OTHER  PLANETS 

MEANS  TO  PERMIT  SURVIVAL 
AND  CONDUCT  OPERATIONS  ON 
OTHER  PLANETS:  THESE  INCLUDE 
SHELTER.  FOOD,  CLOTHING. 
INDIVIDUAL  EQUIPMENT. 
WEAPONS.  COMMUNICATIONS. 
VEHICLES  OR  OTHER  DEVICES 
FOR  FACILITATING  MOVEMENT. 
AND  SOURCES  OF  POWER 
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(C)  It  should  De  recoj^nized  Li;at  ohe  Ar;.i;>  extrauerre serial 
:aission  will  oe  estaolished  hy  higher  authority.  ;^tfcriai  developt.er.t 
objectives  must  be  estaolished  to  be  prepared  for  such  an  event'ualiti 
in  order  to  avert  surprise  a hostile  enemy.  The  objectives  stated 
in  CDOG  provide  guidance  for  the  Army  to  loox  ahead  so  that  the  neces- 
sary capabilities  are  available  when  such  a missioti  is  estaolished. 

For  example,  this  is  a CDOG  paragraph  in  the  iiifantry  operations 
ciiapter.  It  clearly  states  the  r.eed  for  a defensive  hand  held  weapon 
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II  r Ml  tfirinrn|0Tr  Twr  m Tiir  mninr 

INFANTRY  UNtlt^S^  .BE  PREPARED  TO 
EN6A6E  DEF0RTVE 

COMBAT  IN  THE  sIVERE  AND  POSSIBLY 
TOXIC  ENVIROmiENT  OF  THE  SURFACE 
OF  THE  MOON,  OB  NEIGH  BOR  MB' PUN^ 
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at  some  tLme  in  the  future  to  be  used  on  the  moon  and  other  planets 
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if  and  when  needed.  In  considering  the  development  of  weapons  for  use 
in  outer  space,  it  is  important  to  recognize  that  the  United  States 
has  international  commitments  in  this  field.  The  United  States  has 
agreed  that  outer  space  will  be  used  for  peaceful  purposes  and  that 
weapons  of  mass  destruction  will  not  be  emploved  in  outer  space. 

(C)  There  are,  therefore,  constraints  on  weapons  activities  'for 
space  applications.  Nevertheless,  the  development  of  techiiologies 
which  might  be  needed  in  the  future  to  provide  individual  defensive 
means  can  and  must  be  carried  out.  In  practice,  R&D  activities  for 
space  weapons  should  be  appropriately  classified  and  should  focus  on 
weapons  for  defensive  or  protective  purposes.  Further,  it  is  clear 
that  these  R&D  activities  are  to  provide  a basis  for  development  of 
space  weapons , if  a situation  should  arise  in  the  future  which 
requires  such  v/eapons. 

(U)  The  lunar  base  team  that 
Mr.  Lowe  discussed  in  his  briefing 
of  the  Apollo  program  needs  the 
capability  to  defend  themselves  if 
necessary.  We  certainly  hope  that 
two  or  more  countries  can  operate 
separate  scientific  bases  on  the 
moon  peacefully  as  was  successfully 
accomplished  at  the  South  Pole. 

However,  this  country  has  learned 
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from  experience  that  the  only  v;ay  to  exist  in  peaceful  coexistence  is 
to  be  prepared.  There  was  an  article  in  the  9t'h  February  1966 
Washington  Post,  datelined  "Geneva,  February  8th."  Let  me  quote 
directly  therefrom:  "Russia  warned  today  tiiat  military  circles 
planned  to  set  up  bases  on  the  moon.  The  chief  Soviet  disarmament 
negotiator,  Semyon  Tsarapkin,  told  the  l7-nation  disarmament  conference 
that  the  prospect  of  lunar  bases  made  it  all  the  more  imperative  that 
the  delegates  get  on  with  their  task.  Replying  to  congratulations  on 
the  successful  lai.ding  of  the  Soviet  moon  probe  Luna  9,  Tsarapkin  said 
military  circles  were  already  scanning  the  moon  to  establish  military 
bases  there.  He  did  not  specify  which  military  circles  he  meant."  I 
think  this  empliasizes  our  need  for  a much  larger  effort  in  space 
weaponry  exploratory  development  than  both  the  Army  and  private 
industry  are  currently  supporting.  But  first  we  must  do  some  basic 
thinking  on  the  application  to  a moon  environment. 

(C)  Weapons  designed  for  use  on  the  lunar  surface  against  men 
or  vehicles  must  be  lightweight,  simple  to  operate,  and  be  capable  of 
one  or  two-man  operation.  Since  precise  aiming  of  handheld  weapons 
will  be  difficult  because  of  the  constraints  of  the  pressure  suit, 
weapons  easily  pointed  are  preferred.  Area  fire  fragmenting  weapons 
that  utilize  rock,  stone  or  whatever  the  lunar  surface  is  found  to  be 
made  of  may  be  very  advantageous.  The  use  of  such  indigenous  materi- 
als will  preclude  the  cost  of  transporting  extra  weight  to  the  moon, 
which  is  quite  costly  at  Ip5^000/pound.  Fragmentation  weapons  are 
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potentially  very  useful  against  personnel  for  their  performance 


her.  there  is  i.o  atmosphere  to  retard  the  fragments.  However 


improve 


it  may  be  desirable  to  heep  the  fragment  velocity  below  the  orbital 


velocity  on  the  moon  to  prevent  filling  the  surrounding  media  with 


floating  debris.  Any  hairdlield  weapon  capable  of  penetrating  thin 


;Kinned  surface  vehicles  v.ill  more  than  liKely  provide  the  initial 


defense.  On  the  moon,  penetration  of  a pressurized  vehicle  may  be 


tantarnio'unt  to  defeating  it.  In  spite  of  many  yet  unsolved  problems 


1 ' **  ■ 
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the  use  of  laser  .v’eapons  is  a distir.ct  possibility  for  luiiar  opera- 
tions. however,  even  if  these  prooleiiis  can  ue  solved,  it  will  resjaiii 
to  be  determined  if  such  W'eapons  offer  sitjtiif icant  advantages  over 
explosive  ■..eapons.  Current  estiiiiates  are  that  laser  weapoiis  will  not 
oe  availaole  in  a practical  sise  until  l^b^. 

(C)  The  Advariced  Development  and  Platining  Branch  here  at  the 
Weapons  Command  iias  generated  one  concept  and  ideas  for  six  others. 
Our  illustrator  iias  visualized  a coabitiation  Western  and  Flash  Gordon 
type  operation,  he's  entitled  this  "High  Noon  on  the  Moon." 


Something  probably  more  down  to  earth,  or  rather  down  to  moon,  is  shown 
here.  The  item  in  liand,  shown  in  the  exploded  inset,  is  a nineteen 
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roui.d  handiield  .-.eapoii.  It  I'irt-s  a I'lecix-tte  or  aoout  one-tali’  ,;rai;, 
with  a slow  spin.  Tne  slow  spiii  statiJ-ites  it  a, gainst  .’tal  lau-tch 


conditions  when  fired  in  a vacuuin.  Tlie  fins  provide  stabilization  in 
an  atmosphere  such  as  on  earth.  This  i;ives  it  a dual  capabilit;. . 

Its  total  weir;ht  is  less  than  or.e  poui.d.  It  is  '(‘.5  inches  long  and  one 

inch  in  diameter.  The  flechettes  have  a velociti  of  3,000  fps  -ith  a 
peaK  chamber  pressure  of  less  than  15,000  psi. 
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LET  THERE  BE 

light  " 


Our  illustrator  has  taken  so*ne 


artistic  liceiise  in  showing  a 


possible  final  application. 

The  concept  you  have  just  seen 


was  published  under  the  title 


The  Hornet 


In  addition,  we  have  six  ideas 


whose  feasibility  have  not  been 


to  stijnitlate  thinking.  So  let 


there  be  light 


The  first  of  these  is  a spin  stabilized  micro-gun  firing  a 
cal.  .14-  projectiue  froiu  a rified  core  at  a velocity  of 
3-4,000  fps.  ToLal  weight  is  escii;a,ted  at  2-4  pounds  with 
an  overall  length  of  l-xja  to  c:  feet.  The  inagazine  is 
estimated  to  hold  from  rouiids.  Although  the  rings  on 

the  barrel  give  it  a Buck  Rogerish  appearance,  they  perform 
a useful  function.  Since  there  is  no  atmosphere  on  the  moon, 
there  can  be  no  cooling  of  barrels.  The  only  way  to  dissipate 

I 

the  heat  from  the  barrel  is  by  radiation,  and  these  rings  1 

increase  the  radiator  surface  area.  The  next  one  is  a | 

variation  of  "The  Hornet."  ' 
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It  utilizes  the  sa.T.e  iaur-cher  to  fire  either  a s::-aj.l  spir.  stabilized 

rocitet  or  a spherical  projectile  taat  is  propelled  ;ajch  iiz.e  a 
balioo;.  thiat  is  suddeotlp  released.  The  dil'i'erence  Dei:.t  ti^at  the 
laui.cher  provides  a dei’inite  directioi.  to  toe  projectile.  Tr-e  text 
idea  is  one  that  taxes  the  pases  iror.  an  explosion  and  directs  the::, 
ir.  a concentrated  atrea.T..  Its  useful  ranfe  is  o.nly  3“-  feet  ..'hej 
there  is  no  atmosphere  to  retard  the  £.ases.  This  ran.fe  .".ay  oe 
improved  upo.n. 
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This  idea  shows  an  8 grain 
spherical  projectile  being 
propelled  by  a coCKed 
spring.  The  muzzle  velo- 
city. is  very  low,  around 
300-500  fps.  Its  weight 
is  3“8  pounds,  with  a 
length  of  I-I/2  to  2 feet. 
It  v/ould  be  necessary  to 
recock  the  spring  after  each  round.  This  is  relatively  an  inefficient 
way  to  propel  a projectile  and  upon  investigation,  may  not  turn  out  to 
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Uf  -oo  practical.  I'iic  next  iaca  utixi.,cj  coi,ipruaa<.;u  t;ac,  Ducn  air 


to  prcpcl  i_iti.t'r  a /.olio,.'  or  soxid  apat-rt 


The  projectile  velocity 


tiun  can  be  rjade  for  an  edtiiiiated  c pound, 


The  overall  length  is 


is  around  1,000  to  1,500  fp 


to  propel  a small  needle  at  1,000  to 


tabilized  in  an  atmospiit-re  Uj'  a fuzzy 


tail,  thus  giving  it  a duax  capability.  Overall  length  vould  be  1.^  to 


hat  need  further  investigatioii  to 
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detenriine  their  feasibility.  There  are  also  mny  other  areas  that  need 
investigation.  Any  program  will  have  to  identify  these  problem  areas 
associated  with  the  hostile  environment  of  space  before  hoping  to  find 
their  solutions.  To  lend  direction  to  such  an  exploratory  program, 
several  areas  that  sorely  t;eed  answers  are: 

a.  The  space  threat  defined  in  terms  of  the  target,  tactics, 
and  weapons; 

b.  The  mission  and  tactical  doctrine  for  space  operations; 

c.  The  capabilities  and  limitations  of  currei.t  weapons  and 
weapon  mechanisms  in  a lunar  environment; 

d.  The  affect  of  a liuiar  envirorunent  upon  impact  and 
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penetration  of  typical  projectiles  and  target  materials) 

e.  The  maximum  reecil  energy  that  can  be  tolerated  in  a 
luiiar  environment  including  a consideration  of  the  space  suit  design 

f.  The  best  types  of  materials  to  be  used  when  two  pieces 
must  move  in  relation  to  one  another: 

g.  The  best  type  of  ignition  and  propulsion  means  for  use 
in  a space  environment) 

h.  The  optimum  velocity  of  a projectile  to  defeat  the 
initial  targets  on  the  moon)  and 

i.  The  spin  rate  necessary  to  stabilize  a non“6pherlcal 
projectile  against  mal  launch  conditions  in  a space  environment. 

(U)  I'm  s’ire  there  are  many  mere  areas  that  need  investigation 
and  which  can  be  investigated  under  slm-olated  conditions  here  on  earth. 
For  those  problems  that  need  answers  that  cannot  be  obtained  'Uiier 
simulated  conditions,  it  is  possible  to  put  some  experiments  aboard 
orbiting  vehicles  and  probes.  Hc.wever,  much  is  yet  to  be  done  here 
on  earth  before  we  are  ready  for  experiments  in  space. 

(U)  This  concludes  the  formal  presentation.  If  anyone  has  any 
questions  or  discussion  on  anything  covered,  we  will  be  glad  to 
entertain  them  at  this  time. 
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DISCUSSION  SESSION 
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DISCUSSION  SESSION 


Ciuestion:  (u)  '<Jiohin  the  Anay,  wliat  agencies  are  primarily  interested 
in  this  effort?  Names  of  agency  and  contact? 

Answer: 

Mr.  Wagner:  (U)  First  off,  the  AMC  of  which  the  Army  Weapons  Command 
is  a part,  is  primarily  interested  in  this  effort.  Con- 
tacts at  the  Weapons  Command  would  be  myself;  at  AMC, 
Colonel  Ellis'  office  or  Dr.  Hudson. 

tir.  O'Meara:  (u)  Ai'iC  lias  just  put  out  a real  fine  revised  version 
of  their  little  book  about  doing  business  with  AMC. 

This  as  put  out  by  the  Industry  Relations  People  at 
AMCRD.  It  names  the  interests  of  all  the  major  commands. 

Mr.  Wagner:  (u)  Kow  would  you  get  a copy? 

Col.  Rieger:  (u)  You  write  to  the  Commodity  Command  with  which  you 

do  business  or  to  the  Industrial  Relations  Office  at  AiiC. 

Mr.  Wagner:  (u)  There  are  other  agencies  that  have  a primary  interest. 
Naturally,  the  office  of  Chief  of  Engineers,  Extra- 
terrestrial Research  Agency  - Mr  Lowe  will  be  the 
contact  there,  (Room  II03).  Frankford  Arsenal  has  an 
interest  and  Jack  Donnelly  is  the  contact  there.  In 


fact.  Jack  and  I formed  what  we  call  the  Lunar  Tech 
Information  Centers,  jokingly  referred  to  as  "Lunatics" 
because  right  now  most  of  those  who  have  not  thought 
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‘ about  our  future  in  space,  think  of  us  as  this.  At  RIA, 

I Amie  Kester  or  J.  Melow  would  be  the  contact  point 

there.  I think  these  are  the  primary  agencies  which 
would  have  an  interest  along  this  line. 

Question:  (u)  Will  funding  support  be  available  from  the  Army,  and 
can  it  be  anticipated? 

Answer: 

Mr.  Wagner:  (U)  Right  now  we  have  no  money.  Sometime  in  the  future 
money  could  become  available.  We  do  not  know  when.  I 
do  not  think  we  ran  anticipate  this  until  we  solve  oxir 
commitments  in  Vietnam,  because  most  of  the  money  that 
we  would  be  using  on  things  like  this  is  being  funneled 
over  there.  I do  not  think  I should  try  to  hazard  a 
guess  at  this  point  in  time. 

Question;  (u)  Should  a company  wish  to  perform  an  in-house  program, 
will  the  Army  provide  a need  to  know  access  to  available 
data?  If  yes,  what  agency  or  individual  should  be  contacted 
for  assistance? 

Answer; 

Mr.  Wagner:  (u)  If  a company  wants  to  spend  their  own  money  on 

i 

I this,  we  are  encouraging  them  to  do  so  at  present. 

I There  is  a non-funded  study  program  which  is  set  up  to 

take  care  of  this.  By  signing  an  agreement,  you  obtain 
a sponsor  and  in  the  case  of  an  exploratory  program  on 
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weapons,  it  would  more  than  likely  be  the  Weapons 
Command,  but  this  is  assigned  through  /JC.  This  program 
then  allows  you  to  obtain  all  the  guidance  and  infonna- 
tion  you  would  need  to  conduct  this  in-house  unfunded 
study.  Major  Ferrari  at  AMC  is  the  office  which  you  go 
through,  and  they  usually  approve  or  disapprove  and 
assign  a sponsor.  In  our  case,  it  would  be  Bill  Smith 
or  me  at  the  Weapons  Command  that  would  give  you  assis- 
tance. The  place  to  start  is  here  at  the  Weapons  Command. 

Question:  (u)  What  is  the  relationship  between  the  Army's  current  and 
planned  efforts  to  the  activities  of  NASA  and  other  agencies? 

Answer: 

Mr.  Wagner;  (u)  Actually,  this  is  one  of  these  things  that  is  very 

sensitive.  NASA,  of  course,  is  a firm  believer  completely 
that  space  is  for  peace,  and  this  is  as  it  should  be,  be- 
cause their  mission  is  the  peaceful  application  of  space. 
They  leave  anything  else  up  to  the  Army  and  the  Air  Force. 
It  is  up  to  the  Air  Force  to  put  these  items,  into  orbit  or 
to  get  them  there,  and  once  they  are  there,  it  is  up  to 
the  Army  to  maintain  it.  I do  not  know  quite  how  to 
fiirther  answer,  unless  someone  would  like  to  help  me. 

Dr.  Hudson,  can  you  help  me  on  this  question? 

Dr.  Hudson:  (C)  It  seems  to  me  that  the  view  point  we  have  and 

should  take  is  one  of  weapons  pursued  in  an  extremely 
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light  and  highly  technical  form  that  has  to  do  with 
capability.  We  would  be  in  a difficult  way  to  undertake, 
at  least  in  a developmental  category  what  is  clearly  and 
solely  a space  item  and  yet  that  may  be  an  extremely 
important  part  of  it.  I think  we  can  do  exactly  what 
needs  to  be  done  with  this  view  point.  I do  believe  it 
is  extremely  important  for  all  of  us  connected  with  this 
to  be  quite  careful  of  ovir  language  so  that  we  do  not 
jeopardize  what  may  be  a very  useful  and  important  pro- 
gram by  saying  the  wrong  thing  at  the  wrong  time.  It 
will  take  work  and  will  take  aggressive  imagination  and 
careful  laying  on  to  establish  the  approval  we  need. 

While  I am  speaking,  I will  just  add  one  small  question. 

I do  not  quite  see  why  it  is  so  important  to  avoid  having 
projectiles  go  at  the  escape  velocity  on  the  moon.  Space 
is  so  big,  why  should  one  worry? 

Mr.  Wagner:  (u)  I think  there  is  a critical  area  there.  Escape 
velocity  may  be  fine,  orbital  velocity  is  what  we  are 
trying  to  avoid. 

Dr.  Hudson:  (u)  Your  probability  will  probably  turn  out  to  be  ex- 
tremely small.  If  this  significantly  influences  your 
effectiveness,  then  why  impose  this  as  a requirement? 

Mr.  Wagner:  (C)  I think  this  is  a very  good  point.  It  is  something 
that  we  will  have  to  determine.  What  we  have  said  here 
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this  morning  Is  only  somewhat  of  our  own  thinking,  and 
you  are  correct,  it  may  turn  out  that  a much  higher 
velocity  is  what  is  required  to  get  the  effectiveness. 

Dr.  Hudson:  (C)  We  should  examine  the  trade-offs.  It  may  he  advan- 
tageous and  an  asset,  for  certain  types  of  weapon  con- 
figurations, that  its  velocity  remain  within  some 
category.  Let's  he  quite  careful  not  to  impose  con- 
straints or  requirements  early  in  the  game,  unless  they 
are  real.  In  many  cases,  this  is  just  one  good  example, 
it  seems  to  me  that  a situation  should  he  open. 

Mr.  Wagner:  (u)  It  could  very  well  he,  and  I think  this  is  some- 
thing we  do  need  to  determine.  It  is  just  another 
problem  that  right  now  we  do  not  have  an  answer  for. 

Question:  (U)  Will  the  Army  provide  advisory  direction  to  company- 
sponsored  effort? 

Answer: 

Mr.  Wagner:  (u)  I think  we  answered  this,  it  is  emphatic  "yes."  We 
will  provide  them  all  the  guidance  that  they  need  or  that 
we  can  provide.  I am  sure  that  there  are  a lot  of 
questions  they  coxild  ask  that  we  do  not  have  answers  for. 
However,  if  any  work  is  done  in  this  area,  it  should  he 
appropriately  classified  for  obvious  reasons. 
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Question:  (U)  Is  there  a document  that  summarizes  the  best  available 


information  on  the  moon  environment?  In  other  words,  is 
there  a piece  of  paper  that  summarizes  the  moon's  environ- 
ment? 

Answer: 

Mr.  Lowe:  (U)  I assume  this  means  a document  available  for  distrl-  : 

butlon.  There  will  be  an  engineer's  document  available  in  I 

about  4-5  days  which  will  sxjmmarize  the  present  lunar  model  j 

I 

as  it  is  being  used  by  the  Corps.  It  will  be  available  i 

first  by  direct  inquiry  in  a limited  number  and  then  later  | 

available  thru  the  Defense  Documentation  Center.  It  will  I 

I 

be  an  unclassified  document.  j 

Col.  Rieger:  (U)  There  are  several  public  domain  documents  that  are  I 

available  on  the  various  parts  of  the  moon.  For  | 

1 

example,  there  are  4 or  5 SAE  papers  on  the  lunar  sur-  j 

face,  materials,  and  items  in  this  category,  as  they 
apply  to  lunar  surface  vehicles  and  travel.  There  are 
2 or  3 very  fine  Rand  studies  on  the  physical  character- 
istics of  the  lunar  environment,  but  there  is  no  single 
dociament  that  I know  of  that  wraps  the  whole  thing  up 
in  what  we  will  find  on  the  moon. 

Mr.  O'Meara:  (u)  There  is  an  Air  Force  Cambridge  Research  Laboratory 
handbook  of  geophysics  and  space  environment  that  talks 
about  other  things  besides  the  moon  which  I think  is  a 
very  fine  document. 
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Question:  (U)  Just  about  1. 56785  times  in  every  meeting  or  wherever 
any  space  people  get  together  there  comes  up  the  word  "cold 
welding”  and  I'm  still  trying  no  rim  this  victim  down.  The 
word  cold  welding  to  an  engineer  presents  a certain  picture. 

I have  been  unable  to  find  this  cold  welding  except  in  words. 
Is  there  anyone  here  who  has  put  his  hand  on  some  cold 
welded  material  and  couldn't  pull  it  apart?  Anybody?  This 
is  the  l400th  time  I have  asked  that  question  and  I'm  still 
looking . 

Answer: 

Mr.  Rubin:  (u)  I think  the  question  you  raise  can  be  answered.  For 
instance,  you  can  get  copper  to  cold  weld  rather  readily. 

It  is  quest ion* of  real  clean  surfaces.  I think  a lot  of 

theoretical  studies  have  shown  that  if  you  look  at  what 
they  call  the  solid  solubility  of  materials  in  each  other, 
materials  which  have  this  high  solid  solubility  in  each 
other  under  strong  pressures  will  cold  weld.  For  instance, 
you  can  get  copper  to  do  this.  If  you  take  real  hard 
materials  which  have  oxides  and  which  have  low  solu- 
bility in  each  other,  generally  you  can  squeeze  them  pretty- 
hard  and  they  will  not  cold  weld. 

Mr.  Lowe:  (u)  As  we  move  ahead,  we  should  enlist  the  help  of  others 
in  this  search  for  that  clean  cut  example  of  something 
that  happened  that  falls  within  the  engineers'  viewpoint 
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and  understanding  of  the  term  cold  welding.  Sure,  anybody 
has  galled  a nut  on  a bolt  when  they've  turned  it  up  too 
tight,  but  I'm  talking  about  cold  welding  of  materials 
where,  when  we  get  through,  we've  got  a welded  joint. 

Mr.  Rubin;  (U)  You  can  ultrasonically  weld  copper  to  glass,  yet  by 
the  tenents  I've  just  discussed,  large  dissimilarity  and 
solid  solubility,  it  shouldn't  be  done.  So  I admit  there 
is  probably  a large  area  of  theoretical  uncertainty  which 
still  needs  exploration. 
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